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The essays on the Universe present, very nearly in 
chronological order, my researches into and gradually 
advancing views respecting the constitution of the 
Universe. With the exception of some papers which 
have appeared in my 1 Essays on Astronomy,’ all my 
original researches into this subject are given in the 
present volume. 

I believe that my account of the results obtained by 
Sir W. Herschel during his long and arduous labours 
in the study of the star-depths is more accurate than 
any yet presented. 

In this volume I give full copies of all my maps 
and charts of the star-depths, except in the case of my 
large chart of 324,000 stars, sections from which only 
are given. 

Plate VII. is by Mr. Sidney Waters, F.R.A.S., and 
is, in my judgment, a most valuable contribution to 
uranography. 


Richard A. Proctor. 
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THE UNIVEBSE. 


STAR-STREAMS. 

To those who rightly, appreciate its meaning, the Milky 
Way is the most magnificent of all astronomical phenomena. 
However opinions may vary as to the configuration of the 
star-streams composing this object, no doubt now exists 
among astronomers that the Milky Way consists really of 
suns, some doubtless falling short of our own sun in bril¬ 
liancy, but many probably surpassing it. Around these 
suns, we may fairly conceive, there revolve systems of 
dependent orbs, each supporting its myriads of living 
creatures. We have afforded to us a noble theme for 
contemplation, in the consideration of the endless diversities 
of structure, and of arrangement, which must prevail through¬ 
out this immensity of systems. 

I propose to examine what is known of this marvellous 
object, and to present some considerations which appear to 
me to have an important bearing on the views we should 
form of its structure. 

The galaxy traverses the constellation Cassiopeia. Thence 
it throws off a branch towards a Persei, prolonged faintly 
towards the Pleiades. The main stream, here faint, passes 
on through Auriga, between the feet of Gemini and The 
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Bull’s horns, over Orion’s club, to the neck of Monoeeros. 
Thenoe, growing gradually brighter, the stream passes over 
the head- of Cams Major, in a uniform stream, until it enters 
the prow of Argo, where it subdivides. One stream continues 
to y Argus, the other diffuses itself broadly, forming a fan¬ 
like expanse of interlacing branches which terminate abruptly 
on a line through A. and y Argus, Here there is a gap, 
beyond which the Milky Way commences in a similar fan- 
shaped grouping, converging on the brilliant (and in other 
respects remarkable) star, ij Argus. Thence, it- enters the 
Cross by a narrow neck, and then directly expands into a 
broad, bright mass, extending almost to « Ceuta uri. Within 
this mass is a singular cavity known as the Coal-Sack. At 
a Centauri the Milky Way again subdivides, a branch 
running off at an angle of 20°, and losing itself in a narrow' 
streamlet-. The main stream increases in breadth, until, 
‘making an abrupt elbow,’ it subdivides into one continuous 
but irregular stream, and a complicated system of interlacing 
streams covering the region around the tail and following 
claw of Scorpio. A wide interval separates this part of the 
galaxy from the great'branch on the northern side, which is 
seen in plates I., IL, and VI., terminating close on 0 OpMuohi. 

The main stream, after exhibiting several very remarkable 
condensations, passes through Aquila, Sagitta, and Vulpeeula 
to Cygnus. In Cygnus there is a ‘ confused and patchy’ region, 
marked by a broad vacancy, not unlike the Coal-Sack. From 
this region there is thrown off the offset to 0 Ophiuehi already 
mentioned ; the main stream is continued to Cassiopeia. 

There only remains to he noticed ‘ a considerable offset or 
protuberant appendage,’ thrown from the head of Cepheus 
directly towards the pole. 

A word as to the changes in the appearance and position 
of the Milky Way from month to month, at any given hour. 
Selecting ten o’clock in the evening, as the most convenient 





STAB-STREAMS. 


3 


hour, we have the following variations of configuration :—At 
the winter solstice the Milky Way passes neatly through 
the zenith, crossing the horizon towards the south-east and 
north-west. Its brightest part is low down towards the 
last named quarter, where the constellation Cygnus lies 
close to the horizon. One month later, the Milky Way 
crosses the horizon towards the souti-south-east, and north- 
north-west, and is bowed some 20° from the zenith towards 
the west-south-west. Cygnus is now half-set. Yet another 
month, and the Milky Way is found crossing the northern 
and southern points of the horizon, and bowed about 40° 
from the zenith towards the west—Cygnus more than half¬ 
set. At the Vernal Equinox, the Milky Way crosses the 
horizon towards the south-south-west, and north-north-east, 
and is bowed upwards of 50° from the zenith towards the 
west-north-west. One month later (that is about April 20), 
we find the Milky Way crossing the horizon towards the 
west somewhat southerly and towards the east somewhat 
northerly, and only raised about 20° above the northern 
horizon. It is now easy to follow the remaining changes 
without special comment. The eastern end travels south¬ 
wards, the western northwards, along the horizon, the central 
part approaching the zenith, just as hitherto it has been 
seen to leave the zenith. The bright parts in Cygnus and 
Aquila are more and more favourably seen as they approach 
the zenith, being best seen in July and August (at 10 p.m.). 
About this time we see the southern portion of the Milky 
Way somewhat beyond An tares (the heart of Scorpio), 
whereas six months before the greatest range on the opposite 
side (including nearly the whole of the gap in Argo) had 
been visible. At the end of October the Milky Way fat 
10 P.M.), is seen vertically overhead, and crossing the horizon 
towards the east and west quarters, the western half being 
the most conspicuous. 
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Galileo was the first to prove, though earlier astronomers 
had entertained the notion, that the Milky Way is ranapowid 
of a vast number of stars, crowded closely together. But 
no attempt was made to offer a theory of its straeture until, 
in 1754, Thomas Wright, in Ms £ Theory of the Universe,’ 
propounded views closely according with those entertained 
later by Sir W. Herschel. Wright, having examined a 
portion of the galaxy with a reflecting telescope, only one 
foot in focal length, came to the conclusion that our, sun 
is in the midst of a vast stratum of stars ; that it is when 
we look along the direction in which this stratum extends, 
that we see the zone of light constituting the Milky Way; 
and that as the line of sight is inclined at a greater and 
greater angle to the mean plane of the stratum, the 
. apparent density of the star-grouping gradually diminishes. 

But it is to Sir W. Herschel, and the supplementary 
'labours of Sir.J. Hersdiel, that we owe the more, definite 
views now commonly entertained respecting the Via Lactea. 
The elder Herschel, whose nobly speculative views of 
nature were accompanied by practical common sense, and a 
wonderful power of patient observation, applied to the 
heavens his celebrated method of gauging. He assumed 
•as a first principle, to he modified by the results of observation, 
'that there is a tolerable uniformity in the distribution of 
stars through space. Directing his twenty-feet reflector 
successively towards different parts of the heavens, he 
■counted the number of stars which were visible at any single 
view. The field of view of this reflector was 15' in diameter, 
so that the portion of the sky included in any one view was 
less than one-fourth of that covered by the moon. He found 
the number of stars visible in different parts of the heavens, 
in a field of view of this size, to be very Variable. Some¬ 
times there were but two or three stars in the field; indeed, 
on one occasion he counted only three stars in four fields. 
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In other parts of the heavens the whole field was crowded 
with stars. In the richer parts of the galaxy as many as 400 
or 500 stars would be visible at once, and on one occasion he 
saw as many as 588. He calculated that in one quarter of 
an hour 116,000 stars traversed the field of his telescope, 
when the richest part of the galaxy was under observation. 
Now, on the assumption above-named, the number of stars 
visible when the telescope was pointed in any given direction 
was a criterion of the depth of the bed of stars in that 
direction. Thus, by combining a large number of observations, 
a conception—rough, indeed, but instructive—might be 
formed of the figure of that stratum of stars within which 
our sun is situated. 

One section of the galactic nebula, as determined from 
Herschel’s observations, is given in fig. 1. The projections 
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extending to the left correspond to those portions of the 
particular great circle considered, which cross the double 
part of the Milky Way; the opposite projection represents the 
portion crossed by the single stream; while the comparative 
flattening of the central part indicates the gradual diminution 
of star-density in directions removed from the galactic zone. 
It is, of course, to be understood that Herschel was far from 
supposing that such a figure correctly represented the figure 
of the section. He looked upon it as affording but a rough 
indication of the true figure. He had indeed noticed, so 
early as 1785, that there is a tendency in the Milky Way to 



lights more widely dispersed, if we have reason to suppose 
that throughout all the streets of the town the lights are 
separated by distances approximately equal. But if we 
have reason to. suspect that there are some streets lighted 
more fully than others, the inference would be no longer 
valid. And again, Herschel suspected that there are stare 
so large as to bear a sort of sway among other stars by 

brilliancy of a star is no positive evidence of proximity ; and 
(2) that there may he (besides the obvious clusterings already 
considered) laws of systematic distribution, which might 
largely modify the evidence afforded by star-gauging. To r 
instance, returning to the illustration given above, if we 
have reason to suspect that there are many lights of superior 
brilliancy, in some parts of a town, and that further there 
are in some streets laws of arrangement among the lights, or 
that there are irregularities of surface-contour, which pro¬ 
duce here and there a greater or less foreshortening than would 
result on a level ground, we should have to make allowance 
for these points in attempting to form an estimate of the 
distances at which the different parts of the town art 

Still, the results obtained by Sir W, Herschel have ven 
properly been accepted as affording general evidence of higl 


Sir J, Herschel, during his residence i 
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Hope, carried out an extensive series of observations of the 
southern heavens. Applying his father’s method of gauging, 
with a telescope of equal power, he obtained a result agreeing, 
in a most remarkable manner, with those obtained by Sir 
William Herschel. It appeared, however, that the southern 
hemisphere is somewhat richer in stars than the northern, a 
result which has been accepted as indicating that our system 
is probably somewhat nearer the southern than the northern 
part of the galactic nebula. Moreover, Sir J. Herschel was 
led to believe that the sidereal system forms a cloven flat 
ring rather than a disc. 

Combining the results obtained by the two Herschels, we 
should assign to the stratum of stars a figure somewhat 
resembling that of the solid cloven disc exhibited in fig. 2. 
This, being a side view, gives the figure of the imaginary 
section which appears so often in works on astronomy. In 
fig. 1 the small circle near the centre indicates the probable 



Pig. 2. 


extent (on the theory in question) of the sphere within which 
stars down to the fifth and sixth magnitude may be supposed 
to be included. 

The main difficulties in attempting to form an estimate 
of the real configuration of the galactic system are those 
which have been already mentioned. Have we evidence con¬ 
firming or disproving (1) the tendency to clustering suggested 
by the elder Herschel, (2) the possible variability among star- 
magnitudes, and (3) the action of influences exerted by large 
stars in guiding or swaying others ? It appears to me that there 
are indications of a very obvious and important character, 
which have been either altogether unnoticed, or much less 
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noticed than they deserve. In considering .these indications, 
T would refer the reader chiefly to Plates L, II., and VJ, For 
portions of the evidence .cannot he thoroughly understood 
without reference to star-maps, in which (at a single view, if 
possible) the course of the Milky Way is exhibited in a 
manner which enables us at once to determine its relations to 
the constellations. It may seem (and, indeed, on the assump¬ 
tion of any approach to uniformity in the true magnitudes, 
or distribution of stars, it must necessarily be) a very im¬ 
perfect method to refer to star-maps including only the first 
six magnitudes. 1 It is obvious that if our Sun is placed 
within such a stratum as is exhibited in figs. 1. and 2, no 
evidence whatever as to the, structure of that stratum can Ire 
afforded by considering the comparatively few stars included 
within the small central circle. But, it is this very fact, on 
which I wish to dwell. If any connection should appear 
between the configuration of our galaxy, and the arrange¬ 
ment of stars which are assumed to be much nearer to us 
than the Milky'Way, it will be obvious that we ■ must some¬ 
what modify the views illustrated by these figures. 

Now, taking Plates I., II., and VI., I think one can trace a 
connection between the stars there depicted, and that stream 
of nebulous light which the view we are examining teaches 
us to consider as at an enormous distance beyond those stars. 
In the northern portion, perhaps, the connection is not Very 
remarkable. We see that a large number of the brighter 
stars lie on or near the Milky Way, but the relation is not 
so marked that we can regard this arrangement as positive 
evidence of aggregation. However, I think no one who has 
attentively examined the glories of Orion, the richly-jewelled 
Taurus, the singular festoon of stars in Perseus, and the elosely- 

1 In the paper as it originally stood reference was made to stars down to the 
fifth magnitude only. The character of the evidence is not affected hy the 
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set stars of Cassiopeia, but must have felt that the association 
^ of splendour along this streak of the heavens is not wholly 
accidental. The stars here seem to form a system, and a 
system which one can hardly conceive to be wholly uncon¬ 
nected with the neighbouring stream of the Milky Way. 
But in the southern portion the arrangement is yet more 
remarkable and significant. From Scorpio, over the feet of 
the Centaur, over the keel of Argo, to Canis Major, there is 
a clustering of brilliant stars, which it seems wholly impos¬ 
sible not to connect with the background of nebulous light. 
It is noteworthy, also, that this stream of stars merges into 
the stream commencing with the group of Orion already 
noticed. Nor is this all. It is impossible not to be struck 
by the marked absence of bright stars in the region of the 
heavens between Algol,' Crux, and Corvus. One has the 
impression that the stars have been attracted towards the 
region of the stream indicated, so as to leave this space 
comparatively bare. 

Now, this last circumstance would appear less remarkable 
if the paucity of stars here noticed were common also in parts 
of the heavens far removed from the Milky Way. But this 
is not the case. Beyond this very region, which we find so 
bare of stars, we come upon a region in which stars are 
clustered in considerable density, a region including Crater, 
Corvus, and Virgo, with the conspicuous stars Algores, Alkes, 
and Spica. But what is very remarkable, while we can 
trace a connection between the stream of bright stars over 
the Milky Way, and the stream of nebulous light in the 
background, it is obvious that the two streams are not 
absolutely coincident in direction. The stream lies on one 
side of the Milky Way near Scorpio, crosses it in the 
neighbourhood of Crux, and passes to the other side along 
Canis Major, Orion, and Taurus. Does the stream return to 
the Milky Way ? It seems to me that there is clear evidence 
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of a separation near Aldebaran, one branch curving through 

Auriga., Perseus, and Cassiopeia, the other proceeding {more 
nearly in the direction originally observed) -through Aries 
(throwing out an oullier along the hand of Pisces), over the 
square of Pegasus, and along the streams which the ancients 
compared to water from the urn of Aquarius (but which in 
our modern maps are divided between Aquarius and item). 
The stream-formation here is very marked, as is evident from 
the phenomenon having attracted the notice of astronomers 
so long ago. But modem travels have brought within our 
ken the continuation of the stream over Toucan, Hydras, and 
Eeticulum (the two latter names being doubtless suggested 
by the convolutions of the stream in this neighbourhood). 
Here the stream, seems to end in a sort of double loop, and 
it is not a little remarkable that the Ntibefcula-Major lies 
within one loop, the Nubecula Miuor within the other. It is 
also noteworthy that from the foot of Orion there is another 
remarkable stream of stars, recognised by the ancients under 
the name of the Riyer Eridanus, which proceeds hi a 
sinuous course towards this same- region of the Nnbeeulse. 

Having thus met with evidence—striking at least, if not 
decisive,- —of a tendency to aggregation into streams, let. us 
consider if, in other parts of the heavens, similar traces may 
not he observable. ,¥e traced a stream from Scorpio towards 
Orion, and so round in a spiral to the Nubecuho. Let us 
now return to Scorpio, and trace the stream (if .any appear) 
in the contrary direction. Now although over the northern 
hemisphere star-streams are not nearly so marked as over the 
southern, yet there appears a decided indication of stream- 
formation along Serpens and Corona over the group on the 
left hand of Bootes to the Great Bear. A branch of this 
stream, starting from Corona, traverses the body of Bootes, 
Berenice’s Hair, the Sickle in Leo, the Beehive in Cancer, 
passing over Castor and Pollux in Gemini, towards Capella. 
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A branch from the feet of Gemini passes over Canis Minor, 
along Hydra (so named doubtless from the obvious tendency 
to stream-formation along the length of this constellation), 
and so to the right claw of Scorpio. 

One other remarkable congeries of stars is to be 
mentioned. From the northern part of the Milky Way there 
will be noticed a projection towards the north pole from the 
head of Cepheus. This projection seems to merge itself in a 
complex convolution of stars forming the ancient constellation 
Draco, which doubtless included the ancient (but probably 
less ancient) constellation Ursa Minor. After following the 
convolutions of Draco, we reach the bright stars Alwaid and 
Etanin (/3 and 7 ) of this constellation, and thence the stream 
passes to Lyra, where it seems to divide into two, one passing 
through Hercules, the other along Aquila, curving into the 
remarkable group Delphinus. 

The streams here considered, include every conspicuous 
star in the heavens. But the question will at once suggest 
itself, whether we have not been following a merely fanciful 
scheme, whether all these apparent streams might not very 
well be supposed to result from mere accident. Now, from 
experiments I have made, I am inclined to believe that in 
any chance distribution of points over a surface, the chance 
against the occurrence of a single stream as marked as that 
which lies (in part) along the back of Gras, or as the curved 
stream of bright stars, along Scorpio, is very great indeed. 
I am certain that the occurrence of many such streams is 
altogether improbable. And wherever one observes a ten¬ 
dency to stream-formation in objects apparently distributed 
whollv by chance, one is led to suspect, and thence often 
to detect the operation of law. I will take an illustration, 
very homelj perhaps, but which will serve admirably to 
explain my meaning. In soapy water, left in a basin after 
washing, there will often be noticed a tendency to the forma- 
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tion of spiral whorls on the surface. In other eases there 
may be no definite spirality, but still a tendency to stream- 
formation. Now, in this case, it is easy to see that the curved 
bottom of the basin has assisted to generate streams in the 
water, either circulating in one direction, or opposing and 
modifying each other’s effects, according to the accidental 
character of the disturbance given to the water in the pro¬ 
cess of washing. 1 Here, of course, there can be no doubt of 
the cause of the observed phenomena; and I believe that in 
every case in which even a single marked stream is seen 
in any congeries of spots or points, a little consideration will 
suggest a regulating cause to which the peculiarity may he 
referred. 

It is hardly necessary to say that, if the stream-formation 
I have indicated is considered to be really referable to sys¬ 
tematic distribution, the theory of a stratum of stars dis¬ 
tributed with any approach to uniformity, either as respects 
magnitude or distance, must be abandoned. It seems to me 
to be also quite clear that the immense extent of the galaxy 
as compared with the distances of the £ lucid ’ stars from us, 
could no longer he maintained. On this last point we have 
other evidence, which I will briefly consider. 

First, there is the evidence afforded by clusterings in the 
Milky Way. I will select one which is w r ell known to every 
telescopist, namely, the magnificent cluster on the sword-hand 
of Perseus. No doubt can be entertained that this cluster 
belongs to the galactic system, that is, that it is not. ■ an ex¬ 
ternal cluster: the evidence from the configuration of the 
spot and from the position it occupies, is conclusive on this 

1 Sometimes a singular regularity of curvature is noticed; and a spiral is 
formed closely resembling in coufiguration some of the great,Spiral nebulse, as 
drawn by Lord Rosse, so that one is tempted to sec in the centrifugal tendency 
of the disturbed water, and the centripetal effects caused by rejection from the 
basin’s surface, causes which may in some sense illustrate the laws operating 
in wider domains of space. 
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point. Now, within this spot, which shows no stars to the 
naked eye, a telescope of moderate power reveals a multitude 
of brilliant stars, the brightest of which are of about the 
seventh magnitude. Around these there still appears a milky 
unresolved light. If a telescope of higher power be applied, 
more stars are seen, and around these there still remains a 
nebulous light. Increase power until the whole field blazes 
with almost unbearable light, yet still there remains an un¬ 
resolved background. ‘ The illustrious Herschel,’ says Pro¬ 
fessor Nichol, ‘ penetrated, on one occasion, into this spot, 
until he found himself among depths, whose light could not 
have reached him in much less than 4,000 years; no marvel 
that he withdrew from the pursuit, conceiving that such 
abysses must be endless.’ It is precisely this view that I 
wish to controvert. And I think it is no difficult matter to 
show at least a probability against the supposition that the 
milky light in the spot is removed at a vast distance behind 
the stars of the seventh magnitude seen in the same field. 

The supposition amounts, in fact, to the highly improbable 
view that we are looking here at a range of stars extending 
in a cylindrical stratum directly from the eye—a stratum 
whose section is so very minute in comparison with its 
breadth, that, whereas the whole field within which the spot 
is included is but small, the distance separating the nearest 
parts of the group from the farthest, is equivalent to the im¬ 
mense distance supposed to separate the sphere of seventh 
magnitude stars from the extreme limits of our galaxy. And 
the great improbability of this view is yet further increased, 
when it is observed that within this spot there is to be seen 
a very marked tendency to the formation of minor streams, 
around which the milky light seems to cling. It seems, 
therefore, wholly improbable that the cluster really has 
that indefinite longitudinal extension suggested by Professor 
Nichol. In fact, it becomes practically certain that the milky 
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light comes from orbs really smaller than the seventh .magni¬ 
tude stars in the same field, and clustering round' these stars 
iu reality as well as in appearance. 

The observations applied to this spot maybe extended to 
all clusters of globular form; and where a cluster is not globu¬ 
lar in form, hut exhibits, on examination, either (1) any ten¬ 
dency wit)iin its hounds to stream-formation, or (2) a uniform 
increase .in density as we proceed from any part of the cir¬ 
cumference towards the centre, it appears wholly inconceivable 
that the apparent cluster is, not really a cluster, but a long 
range of stars extending to an enormous distance directly 
from the eye of the observer. When, in such a case, many 
stars of the higher magnitudes appear within the cluster, we 
seem compelled to admit the probability that they belong to 
it; and, .in any case, we cannot assign to the farthest parts 
of the cluster a distance greatly exceeding (proporimudly) 
that of the nearest parts. 

Of a like character is the evidence ■ afforded by narrow- 
streams and necks within the galaxy itself. If we consider 
the convolutions over Scorpio, it will seem highly improbable 
that in each of these we see, not a real convolution dr stream, 
but the edge of a roll of stars. For instance, if a spiral reli¬ 
ef paper be viewed from any point taken at random, the 
chances are thousands to one against its appearing as a spiral 
curve, and of course the chance against several such rolls so 
appearing is very much greater. The fact that we are as-' 
sumed to be not very far from the supposed mean' plane of 
the Milky Way would partly remove the difficulty here, con¬ 
sidered, if it were not that the thickness and extent of the" 
stratum, as compared with the distances of the lucid stars, 
must necessarily he supposed very great, on the assumption 
of any approach to uniformity of distribution. 

Evidence pointing the same wav is- afforded' by circular 
apertures in the galaxy, or indeed by apertures of other forms, 
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since a moment’s inspection of figs. 1 and 2 will show the 
improbability of any tunnelling (so to speak) through the 
star stratum, being so situate as to be discernible from the 
centre. Another peculiarity of these cavities is also notice¬ 
able ; whereas on the borders of every one there are many 
lucid stars, or in some cases two or three very bright stars, 
within the cavity there is a marked paucity of stars. This 
phenomenon seems to indicate a much closer connection be¬ 
tween the brighter stars, and the milky light beyond, than is 
supposed on the stratum theory. One can hardly conceive 
the phenomenon to be wholly accidental. 

There are some other points on which I would fain dwell, 
but space will not permit me. I may, perhaps, on another 
occasion, return to the consideration of the subject. For the 
present, I will merely note that there are peculiarities in the 
distribution of red double, and multiple stars, in the position 
in which temporary stars have made their appearance, and in 
the distribution of nebulae, which seem very worthy of notice. 

One point, however, immediately connected with my 
subject, remains to be mentioned. I have traced streams of 
stars more conspicuous than those forming the Milky Way. 
We have also evidence of streams of light yet more delicate 
and evanescent than the light of our galaxy. In Sir John 
Herschel’s great work on the southern skies, he notes the fre¬ 
quent recurrence of ‘ an exceedingly delicate and uniform 
dotting, or stippling of the field of view by points of light 
too small to admit of any one being steadily or fully ex¬ 
amined, and too numerous for counting, were it possible so 
to view them.’ In thirty-seven places he detected this 
remarkable and significant phenomenon; a phenomenon so 
faint that he says, ‘ The idea of illusion lias continually 
arisen subsequently; ’ an idea well befitting the modesty of 
the philosophic observer, but which those who appreciate 
Sir John Herschel’s skill as an observer will be very unwilling 
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to accept. As Professor Niehol remarks, 4 It. is enough to 
read from Herschel’s note-book—“ I feel satisfied the stippling , 
is no illusion, for its dark mottling moves with the stars as'I 
move the tube to.and fro ”—to feel convinced that the phe¬ 
nomenon is real/ Now, a remarkable fact connected with 
those observations is, that when Sir J, Hersehel marked down.-’ 
in a star-chart the places in which he had detected this 
nebulous appearance, he found that, 4 with the exception of 
three, which appeared outlying and disconnected, they formed 
several distinct but continuous streams.’ ■ , ' ' 

From the Intellectual Observer for AnjciM. 1867. 
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The stellar heavens present _us with a problem of vast diffi¬ 
culty—the problem of determining the laws according to 
which those myriads of orbs which the unaided eyes can 
see, or which the telescope reveals, are distributed through¬ 
out space. We can determine the laws of stellar distribution 
so far as they relate to the imaginary concave of the heavens. 
We could form a globe upon which millions of stars might 
be indicated; or better, we might mark these millions of 
stars upon the interior surface of a hollow globe ; and thus, 
so far as the apparent laws of stellar arrangement are con¬ 
cerned, we might actually render the eye cognisant of all 
which even the most powerful telescopes can reveal. But 
when this had been accomplished, we should have made but 
a short step towards the determination of the manner accord¬ 
ing to which the stars are distributed throughout space. 
We should have placed all the stars which the telescope 
reveals upon a spherical surface, whereas we know that they 
lie in reality on no such surface, but some at distances much 
vaster than the distances which separate us from others. 
We know that if we have to deal with a sphere of stars at all 
it is a sphere full of stars, and not a spherical surface 
covered with stars, that we have to consider. But, in truth, 
we know that the space containing all the stars revealed by 
powerful telescopes may not even approach the form of a 
sphere; and that within that space the stars may be dis¬ 
tributed in the most irregular Qianner—here crowded most 
c 
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densely, there sparsely scattered, and throughout enormous 
regions inayhap altogether wanting : in some places arranged 
into clustering aggregation?, in others in streams, and else¬ 
where in fantastic convolutions or rotienJatiims: while, lor 
aught that has yet been shown, the whole stellar region may 
he occupied more or less richly with a variety of form? of 
matter other than stars or «uns, and even differing perhaps 
from any forms of matter with which wo are acquainted. 

Unfortunately we have no means of modifying the con¬ 
ditions of the problem presented to us by the stars. We 
must be content to analyse, pat ientlv the evidence by means 
of which alone the problem can be a’. tu cked. \\ hethor when 
that has been done, or while if is being done, we shall be 
able to form clear and definite conclusions respecting the 
stellar system, need not at present concern us. It is at any 
rate certain that if the secret of the heavens is to be disclosed,- 
it can only he as the result of systematic inquiries directed 
to the vast mass of information which has already been 
gathered together; and the doubts we may entertain as to 
the actual fruits of such inquiries ought not to deter us from 
making them, since that would he - in effect to give up the 
problem of the star-depths altogether - . 'To use the words of 
the astronomer to whom more than to any other, gate one 
alone, we owe the power itself of making such inquiries, we 
must c not he deterred from dwelling consecutively and 
closely on speculation view.- by any i-h-a of their hopeless¬ 
ness which the objectors again si “ papei astronomy" may 
entertain, or by the real slenderno^- of \ he material t bread- 
out of which any connected theory of the mm erse t at pre„ent i 
has to he formed, //ypoi'/fesrs fi u <j<> in this m ago of our 
knowledge is quite as good a motto as Newton"-, mm lht<n >. 
provided always they he not hypotheses as to modes of physical 
action for which experience gives no warrant." 1 

1 From a letter written by Sir J, Horsthel to me, in Auguit UW&. 
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My purpose in tlie present paper is to pursue an inquiry 
(commenced by me some five years ago) into a certain pecu¬ 
liarity of the arrangement of objects within the star-depths, 
which appears to promise some insight into the real laws of 
stellar aggregation. I refer to the circumstance that there 
may be observed among the stars a tendency to arrangement 
in streams, of greater or less length, and more or less dis¬ 
tinctly recognisable. I offer at present no explanation of 
the observed fact, but seek rather to convince the reader 
that this peculiarity has a real existence, and that it may be 
regarded as in fact a characteristic peculiarity of the stellar 
system. It must be mentioned, however, that the tendency 
to stream-formation among the stars is not to be regarded as 
universal. On the contrary, it is but a sign of a much more 
general law, according to which the stars are found to aggre¬ 
gate in certain regions and to be segregated from others, as 
though, in some long past era, forces had been at work which 
drew the star material towards certain regions of space, to 
the avoidance of others. And here again, I would invite 
attention to the fact that the study of these laws of stellar 
aggregation and segregation seems to afford the only means 
of attacking a problem of immense difficulty, to which the 
inquiring mind is naturally led by the partial success which 
has attended inquiries into the origin of our own solar 
system. We recognise so clearly within our solar system 
such motions and such laws of distribution as suggest a 
process of evolution, that the mind is led to inquire whether 
the motion of the stars and their arrangement throughout 
space may nbt indicate the action of a yet higher order of 
evolution. If the genesis of a solar system has been or is 
being revealed to us, may not the genesis of a galaxy be one 
day revealed in like manner ? 

But I merely point to such inquiries as these, in passing, 
by way of indicating the class of questions to which such 
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phenomena as I am about to consider may eventually lead. 
Let us now turn to the discussion of those observed facts, 
simply, which seem to show that, the stars in certain'regions 
have been gathered into streams. 

If we consider the stars according to their various orders 
of apparent magnitude, we are, in fact, treating the problem 
precisely as though the celestial vault were studied by means 
of telescopes progressively increasing in power. Nor need 
we, in so doing, make any assumption as to the real magni¬ 
tudes of the stars. We know quite certainly that, whatever 
telescopic power we use, or even when we study the heavens 
with the naked eye, we have to deal with objects lying at 
different distances, and that therefore we are exposed to 
the possibility of error arising from the fact that orbs which 
seem to be associated may in reality he in no way connected. 
But if we keep this possibility of error very carefully in 
view, and if we apply to the various cases which come under 
our notice such laws of reasoning as may best serve to elimi¬ 
nate such error, then, although we may not be sure that .in 
all instances' the error in question has been obviated, we 
shall yet have done much to obtain at least probable evidence 
respecting the laws of stellar distribution. 

As an illustration of my meaning, I will take an instance 
belonging to the more general law of .stellar arrangement, of 
which stream formation is but an instance. The reader is 
aware that the six stars which ordinary powers of sight 
recognise in the Pleiades are but a few among a very large 
number which are seemingly collected towards one particular 
region of the heavens in this place. Now, if we consider 
only two stars of the Pleiades, .considerably unequal in 
magnitude, it must be regarded, as not only possible, but (on 
a priori considerations) highly probable, that these two orbs 
lie at very different -distances from the earth, and .are not 
physically associated.. But we are not free to extend this 
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reasoning, which is admissible in the case of two stars, to the 
whole group of the Pleiades, and to argue that, because we 
have no means whatever of determining the actual distances 
of the orbs in that group, we are not at liberty to assume 
that they form a real clustering aggregation of stars. In so 
doing, we should undoubtedly be losing sight of evidence 
which absolutely demonstrates the clustering nature of the 
Pleiades. We have only to consider the mathematical 
probability that so many orbs would be gathered together 
within a certain portion of the heavens in the Pleiades, when 
the total number of stars between the same limits of magni¬ 
tude is such and such, to see that we have not to do with an 
accidental phenomenon due merely to the apparent associa¬ 
tion of stars of many orders of distance in nearly the same 
direction, but with a real aggregation of stars into a definite 
cluster, surrounded on all sides by comparatively vacant 
regions. We know that William Mitchell, more than a 
hundred years ago, by simply considering the six brighter 
stars of the Pleiades, was able to show that the odds are 
about half a million to one against the association of these 
stars being apparent only . 1 

Now it is worthy of notice that, even among stars of the 

’ Mitchell’s paper, in vol. lvii. of the ‘ Philosophical Transactions,’ antici¬ 
pates in the clearest possible manner one of the general laws of stellar distri¬ 
bution which I have lately endeavoured to establish. The following passage, 
in particular, may be quoted in illustration:—‘ It has always been usual with 
astronomers to dispose the fixed stars into constellations; this has been done 
for the sake of remembering and distinguishing them, and therefore it has in 
general been done merely arbitrarily and with this view only; nature herself, 
however, seems to have distinguished the stars into groups. What I mean is, 
that from the apparent situation of the stars in the heavens, there is the highest 
probability that, either by the original act of the Creator, or in consequence of 
some general law (such, perhaps, as gravity), they are collected together in 
great numbers in some parts of space, whilst in others there arc eithor few or 
none. The argument I make use of in order to prove this is of that kind 
which infers either design or some general law, from a general analogy, and 
the greatness of the odds against things having been in the present situation, 
if it was not owing to some such cause.’ 
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first three or four orders of magnitude, signs of aggregation 
are discernible, which appear too marked to lie due to mere 
chance distribution. For instance, if we take an equal 
surface (' isographic ) chart of the northern heavens, showing 
all stars down to the fourth magnitude inclusive, we are 
struck by the singular vacancy lying where modern astro¬ 
nomers place the constellation of the Camelopard. Within 
an oval space, having Polaris and Castor as the ends of its 
longer diameter, Dubhe and 8 Aurigie as the ends of its 
shorter diameter, there are but three stars above'the fifth 
magnitude, although this region extends over some’fifty- 
eight degrees in length and about thirteen, degrees in 
breadth. 

But it is when we consider the stars down to the fifth 
magnitude inclusive that we first begin to recognise the 
existence of a marked tendency to stream-formation. It is 
among these stars, in fact, that we find those streams which 
the ancients recognised when they gave to certain star- 
groupings such names as Hydra, Draco, Serpens, the River 
Eridanus, and when they marked down among the con¬ 
stellation-pictures two streams from the water-can of 
Aquarius and a band connecting together the two fishes. 
The prolongations of some of these streams of lucid stars 
have been recognised by those modern astronomers who gave 
to certain southern star-groupings the names Hydros, Reti¬ 
culum, and the like. 

Novr, the chief question which has to lie answered, in con¬ 
sidering the evidences of stream-formation, is whether the 
streams are apparent only or real: and, in order to answer 
this question, we have to inquire what form or degree of 
streaminess (so to speak) might be expected among the 
1,500 stars, down to the fifth magnitude 'inclusive, if these 
were really spread at random over the celestial sphere. In. 
another of these essays I have indicated the means whereby 
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I have tested this matter, and the conclusion to which I 
have been led —this namely, that although among 1,500 
or 2,000 points distributed at random over a surface of any 
kind, certain groups resembling streams might be recog¬ 
nised, such streams would not be nearly so well marked as 
the streams actually observed among the stars down to 
the fifth magnitude. But, on the other hand, it is not to 
be expected that the star streams actually recognised 
should be so exceedingly well marked and regular, or 
should be traceable over such great distances, that the 
reality of the stream-formation would be obvious at once. 
Had this been the case, indeed, the reasoning by which 
I have endeavoured 1 to establish the reality of the pheno¬ 
menon would not have been required. The first astro¬ 
nomers would have recognised the phenomenon as clearly 
as we can do. Therefore I do not consider the arguments 
which have been chiefly urged against these streams of 
lucid stars, regarded as having a real existence, as needing 
refutation. It has been urged that the streams can only 
be traced over such and such distances; that they can be 
carried this way or that, according to fancy, and so on. 
This, however, was to be expected; if it were otherwise, 
the reality of the streams would long since have been recog¬ 
nised : and apart from this, remembering that we are 
looking into the depths of space, and that, supposing star 
streams really to exist, we must see them foreshortened—in 
many instances projected on a background of stars less 
systematically distributed, and in other cases mixed up 
seemingly with other streams, either nearer or farther off— 
the wonder rather is that any well-marked portion of any 
stream should be recognisable, than that no stream should he 
traceable over very large areas on the heavens, and still less 
from its beginning to its end. That the reader may form 
his own opinion as to the reality of the streams traceable 
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among stars down to the fifth magnitude, I give the case of 
a star-group which is certainly not the most remarkable for 
fitroaminosH, but chances to be more convenient for the 
purposes of illustration than most others. Fig. 3 presents 
the stars forming the connecting band of Pisces. The bright 
star in the lower left-hand corner is the knot of the band, 
one part of the band being formed by the curved stream of 
stars passing to the lower right-hand corner, the other by 



loo. 3.—Showing the stars which form tile connecting hand of risers, &,>. 


the curved stream passing, with an inflection near the double 
star in the figure, towards the upper right-hand corner. In 
this figure the fact that certain sets of stars lie on certain 
curved lines is of slight significance, for assuredly in any 
chance distribution of stars the like would be found : the fact 
which is really significant is the paucity of stars on either 
side of the curved streams. We have certain lines along 
which the stars are plentifully strewn, while the adjacent 
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spaces are relatively vacant. This feature, recognisable not 
only in this case, but in others, and even more markedly in 
several instances, is one which cannot reasonably be ascribed 
to mere coincidence. Let it be noted, moreover, that what¬ 
ever significance we attach to it, when considering the stars 
of the first five orders of magnitude, must be enhanced if, as 
we proceed, we recognise a similar feature (on a different 
scale, however) among stars of lower orders of magnitude. 
Throughout this paper, I am not presenting a series of con¬ 
siderations so related one with the other that the failure of 
one destroys the validity of my reasoning; I am dealing with 
arguments which are independent of each other, though 
severally adding to each other’s strength. If some of them 
fail, my case is only pro tcmto weakened ; it is not by any 
means destroyed. 

' Before leaving fig. 3, however, I would invite special 
attention to the-manner in which the two star streams are 
conjoined. We see these streams converging upon a single 
star brighter than those which form the streams themselves; 
and we may also trace, not indistinctly, a certain general 
equality of distribution among the stars of the two streams. 
The former feature is, however, the only one I care at 
present to dwell upon; and it is to this particular arrange¬ 
ment of streams—two or more (but usually two) proceeding 
from a single star—or of branches proceeding, as it were, 
from a single stem, that I have given the title of star sprays. 
In searching among the star-depths revealed by telescopes 
of considerable power, many cases may be noticed in which 
such star sprays exhibit a singular uniformity of structure. 
The stars of the leading magnitudes are too few in number 
to afford many well-marked instances. I may note, how¬ 
ever, the arrangement of the stars in Coma Berenices as one 
illustration of this sort; the stars 7 , 14 and 13, forming the 
stalk of the spray. Another illustration may be recognised 
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in the stars forming the poop of Argo and the hmd-qnarters 
of Canis Major, or (to use a more satisfactory way of 
indicating the orbs I refer to) the streams of stars converging 
on £ and p Argils, from e Canis Majoris and from # Argus. 
At e Canis Majoris there is another subdivision ; one stream 
of stars passing to k Colnmhae, the other over u and x 
Puppis to v Argus. The streams from the water-can of 
Aquarius form a more extensive, but perhaps less satisfactory, 
illustration of the same peculiarity. 

I need give the less attention to those cases of stream-form¬ 
ation which may be recognised among the stars of the first six 
orders inclusive, because 1 have already discussed the relations 
among the lucid stars, in the preceding essay and in ‘ Other 
Worlds.’ Of the peculiarities of distribution recognisable 
among the stars there dealt with, I may say with confidence 
that it is wholly impossible to regard them as accidental; 
they indicate beyond all possibility of question the existence 
of some real cause which has led to a drifting of the stars 
towards certain regions. As regards such peculiarities of 
arrangement as would fall more particularly under the head 
of my present subject, I think it is almost equally impossible 
to feel any doubt. If some of the streams and reticulations 
which can he recognised in the isographic charts forming 
Plates I., II. and VI. "be due to chance distribution, the 
coincidence is very much more remarkable than the theory 
of star streams which I am at present advocating. It is 
truer to say, however, that the laws of probability as at 
present understood will not permit us to regard such 
singular configurations as accidental. 

It would be desirable that we should have equal-surface 
charts of the heavens to include stars down to the seventh, 
eighth, and ninth magnitudes severally ; because it is only 
by thus considering the separate stages of space-penetration 
that we can obtain complete recognition of the laws of stellar 



STAR STREAMS AND STAR SPRAYS. 27 

distribution throughout space. We owe, I think, to the 
elder Struve the first recognition of the importance of such 
graduated advances within the star-depths; though he 
dwelt rather on the importance of star-gauging (and that, 
also, according to averages) than on the value of star-charts 
capable of revealing to the eye the statistics of stellar dis¬ 
tribution. It will not be difficult to construct charts 
including stars down to the seventh, and eighth, and ninth 
orders of magnitude ; because as soon as the complete survey 
of the heavens has been effected after the plan already 
extended by Argelander to' the northern hemisphere, the 
charts forming the survey, if carefully drawn, 1 will enable us 
to construct charts of complete hemispheres including stars 
down to the seventh, eighth, and ninth magnitudes severally 
inclusive. 

At present, however, for want of such intermediate charts 
(so to speak) I pass from my equal-surface projection of all 
the stars down to the sixth magnitude inclusive, to an 
equal-surface projection which I have just completed, in 
which all stars in Argelander’s series of forty northern maps 
have been marked in with careful reference as well to their 
arrangement as to their magnitude. In these forty charts, 
as many of my readers are doubtless aware, Argelander has 
included all stars down to magnitude nine and a-half, within 
ninety-two degrees of north polar distance—the two degrees 
south of the equator being added in order to facilitate the 
comparison of the northern atlas with charts forming the 
southern survey, one day to be completed (it may be hoped) 

It is important that the size of the discs used to indicate the several 
magnitudes should remain unchanged during the whole process of engraving, 
and also that the several charts forming the series should be printed with 
exactly the same degree of fulness. In Argelander’s splendid series of forty 
charts, in which all the northern stars down to the magnitude intermediate 
between the ninth and tenth are included, slight changes have taken place 
during the progress of the work, which create some degree of doubt as to the 
orders to which the stars belong in some of the charts. 
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n-fc southern st;d c-m. Jn all there up- 32-4,1 OS siars. AH 
these I. have ruroliiHy copied in, upon si oiicular churl tw-» 
feet in diameter, i.-igraphiihiHy divided (in pencil > by radial 
lines and circle.-, isj+<> •'jj.ico extending nu< degree hi 
declination and one (logic- in right asc ridon fur sixty 
degrees to the nori h of the equator, the nominal extension 
in E.A. being conespondinglv hioie.ieed with proximity to 
the pole, fn fact, all tin spaces in ArgehnidfnV s.*rio R of 
charts (some ^j*» : 400 in ali i were mpn «ciuU d in peucil in my 
projection, before a single star was charted in. Then the 
stars were carefully copied in, space by space, from Argo- 
lander’s atlas; at such a rate (on the average;, that the 
whole work of charting occupied me about 400 hours. 1 1 do 
not think that the labour was tlirown away, when it is re¬ 
membered that, as a result, the statistical distribution of all 
the stars down to the 11th magnitude of fcdr J. LhrsehelV w-ale 
was presented to the eye. The gauges of the Hersuhels 
had included in all about 1 GO,000 star.-, and Smive, in the 
elaborate series of iuipiirics on which he found, d the theories 
propounded in lbs ; lSimles d'Astronomic sicllaire,' dealt with 
about 32,000 slavs : hut, the labours of Argehmdcr enabled 
me. not merely to count. In it to delineate, 324.1 OS stars - 
not merely to draw inferences from statistical enumeran'uu 
as to the real laws of stellar distribution, but to exhibit 
those laws of distribution to‘the.eye. 

The first and most importanl conclusion deduced fiw»t 
this process of charting relates to the Milky Way ; hut. 
it will be well to defer the consideration of that eoncln- 

1 Argelauder and his assistants were engaged no less than seven yvaxis and 
one month in completing- their magnificent contribution to umuojroph.y. The 
rate at which I copied in the stars was such as to enable me to copy eamully 
within each space on my projection the stars shown in the corresponding spare 
in the large atlas. It is worthy of notice that, a single second of extra tinus 
(on the average) per star would have caused an addition of ninety hours', or 
say ten days’, work. The lime actually employed on the average was slightly 
less than four and a-half seconds per star. 
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sion until I come to speak of the Milky Way as itself a vast 
conglomeration of star streams and star sprays. 

But another conclusion, not obviously deducible from the 
chart itself, or its photographic reductions, was forced upon 
me in a very marked manner as the work of charting pro¬ 
ceeded. Again and again I had occasion to notice the 
tendency of the stars to associate themselves into streams 
and sprays, the star sprays being ordinarily of the form 
illustrated in fig. 3. It would be quite impossible for me to 
convey by means of pictures any adequate idea of the 
persistence with which these peculiarities of structure were 
renewed, especially in certain parts of the chart. Indeed, it 
would be absolutely necessary to include a much larger por¬ 
tion of the heavens than could here be conveniently pictured, 
to show the most significant feature of all, the manner, 
namely, in which the sprays are divided and sub-divided. 

Now the point to be chiefly noticed here is, that so far 
as a priori considerations are concerned, one would be led 
to expect that no very marked signs of stream-formation 
would be shown among stars down nearly to the tenth order 
of magnitude. For the further we increase our range of 
vision, the more likely must we be, it would seem, to obtain 
a view in which the actual relations of the stars are confused 
by seeming combinations, due to the accidental agreement, 
in general direction, of star-groups at very different orders of 
distance. For either there is or there is not a general uni¬ 
formity of star-magnitude (within certain limits). If there 
is such uniformity, so that the fainter stars are in reality as 
large (on the average) as others, but more distant, then it is 
certain that amongst the stars dealt with in Argelander’s 
charts there are in all directions stars at very different 
distances; stars therefore not in reality associated, but which 
yet, being seen in nearly the same direction, are brought into 
seeming juxtaposition. If, on the other hand, there is not 
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tribution of so many points over a hemisphere, than where 
we considered only a comparatively small number of stars 
belonging to the leading orders of magnitude. Moreover, even 
assuming the point which I am now endeavouring to prove, 
viz. that the stars are in many cases arranged into the form of 
streams and sprays, it would yet seem highly probable that 
all signs of these streams and sprays would be obliterated, 
simply because streams and sprays of stars would probably 
lie at very different distances in all directions, and the 
configuration of the nearer streams woxild be blended with 
and confuse the configuration of the more distant. 

Figs. 4'and 5 will serve to illustrate my meaning. It is 
not difficult to recognise in both these figures the existence 



Fig. 5.—A portion of one of Argelander's charts, the centre being in about 
26^° N. Dec., and 22h. 8m. R.A. 


of star streams and star sprays too well marked to be regarded 
as due to accident; but yet we are led to suspect that the 
streams here seen lie at different distances, and that much 
more clearly marked streams would be recognised if we 
could cut off with a veil all the stars beyond a certain dis¬ 
tance, and obliterate altogether certain of the nearer stars. 
I would, however, recommend such of my readers as possess 
Argelander’s chart to study the region around the two spaces 
pictured in figs. 4 and 5; when I think the conviction will 
be forced upon them that there is a much closer connection 
between the several branches of stars seen in those regions 
than one would have been disposed to expect among the 
orders of stars Argelander has included in his charts. 






32 


Tin: uxjvmsK. 


Many cases occur, however, in which two stream* lying 
at different distances appear to crdfoj each other in the chart ;• 
and it is a somewhat noteworthy circumstance,. that. the 
disposition of five nearly equal stars in the form of a cross, 
thus •: . which is very seldom met with (compared with 
other simple configurations) in the complete series of charts, 
is commonly to be noticed where two well-marked streams 
cross each other. 

The arrangement of the stars in the large chart, as 
respects aggregation in certain regions and segregation from 
others, is sufficiently remarkable; but I have not space to 
dwell at length here on peculiarities of that. description. 
Some of these peculiarities are associated with the configu¬ 
ration of the galactic stream of stars, presently to be 
briefly referred to. One, howeve^ is so remarkable that I 
cannot refrain from here calling special attention to it. 
The Milky Way region or zone is shown in the chart to be 
exceptionally rich in stars (as W. Struve judged from 
statistical considerations); but instead of that gradual ten¬ 
dency to aggregation towards the galactic zone which Struve 
supposed to prevail, there is in many places a sudden change 
n the density of distribution, spaces close by the galaxy 
being relatively poor. But in no instance is this peculiarity 
so remarkably exemplified as in the part of the Milky Way 
near the horns of Taurus (see Plate XI.). Here we have on 
one side the rich fields of tli e Hyades and the Pleiades, and 
on the other rich galactic fields—properly so called; but 
between these two rich regions we have absolutely the poorest 
region in the whole of the northern heavens. 1 

Extending next our range of view so as to reach the stars 
down to the thirteenth magnitude inclusive, we have indeed 

’ This peculiarity did not. escape the attention of Argelander, who says: 
Die absolut iirmste Gegend findet sich aber sondevbarweise niekf gar writ von 
der Milchstrasse eutfernt, an den Hornern des Steers.’ 
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less complete surveys to consider, but yet the evidence we 
obtain is sufficiently distinct. The zodiacal zone has been 
closely surveyed by Chacornac, Mind, and others, with the 
object of so mapping down even the fainter stars, that the 
asteroids which traverse this region may be the more readily 
recognised. In the maps thus constructed we find star 
streams and star sprays as well marked as in Argelander’s 
chart. As the same general considerations apply in this 
case, it will be sufficient for me to invite attention to figs. 



Fig. 6.—A portion of one of Chacornac’s ecliptic charts, the centre of the 
space here shown being in 1° N. Dec., and 23h. 43m. R.A. 

6 and 7 ; but I would recommend the student who may possess 
Ohacornac’s charts to study carefully the regions which 
surround the two spaces pictured in these figures. 1 

If we pass on towards yet more remote depths, we still find 

1 There is an interesting quotation at page 267 of Webb's ‘ Celestial 
Objects,’ in which Fr. Secchi describes the astonishment with which, when 
studying certain galactic regions, he saw spirals and curves of shirs so regu¬ 
larly disposed as to preclude all possibility that chance distribution was in 
question. 








eighteen-inch reflector during his survey of the southern 
heavens; and doubtless, could the fields surveyed by the 
elder and younger Herschel be presented in maps, so that 
several adjacent fields could be seen at a single view, many 
other instances would he added to the list. 
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evidence in favour of the view that the Milky Way itself is 
but a stream, or rather a congeries of streams of stars. The 
evidence on which Sir William Herschel rested his theory 
that the galaxy is of the shape of a cloven flat disc, was 
abandoned by himself during the later years of his career as 
an observer; and he recognised clearly that some of those 
rich nodules of the Milky Way which can be seen in the 
northern heavens are real aggregations of stars (not vast 
depths along which the stars are arrayed as in a sort of 
procession), and that such aggregations approach in figure 
to the spherical form. In the southern heavens Sir John 
Herschel recognised galactic regions to which Sir William 
Herschel’s later mode of reasoning could be applied even 
more convincingly. Now precisely the same reasoning by 
which Sir W. Herschel was led to regard the rich clustering 
regions of the Milky Way in Cygnus as spherical in form 
seems to show that the well-marked portions of the galactic 
stream are really stream-shaped. And this view of the 
galaxy, which might seem to agree ill with the usual account 
of this marvellous band of stars, accords excellently with the 
description given by Sir John Herschel and others who have 
most carefully studied the galaxy. More especially is it 
suggested by the aspect of the Milky Way in the southern 
heavens. For there the continuity of the zone, on which so 
much stress had been laid, is shown to be interrupted by a 
broad dark rift, a feature wholly inexplicable on the theory 
that the Milky Way is shaped like a cloven flat disc. And 
over the whole region from Argo, over the feet of the 
Centaur, to Sagittarius and Scorpio, the Milky Way as pic¬ 
tured by Sir John Herschel presents an appearance far more 
closely according with the theory that the Milky Way in 
this region forms a gigantic spray of stars than with any 
other that has been propounded. In the northern heavens, 
the faintness of the Milky Way causes it to appear more uni- 
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form it) structure; hut even 5ti the northern heavens, arhaA 
been well pointed out by Professor Niehol, it is only on the 
most cursory examination, or when the Milky'Wav is studied 
under unfavourable circumstances, that it can be regarded 
as a simple zone (see Plate VI). But it is well worthy of 
notice that in my chart of 324,198 stars, the Milky Way re¬ 
veals itself (through the mere aggregation of stars down’ to the 
94 th order) as a congeries of streams, with, branching exten¬ 
sions, of which only the commencement can be recognised as 
more or less marked projections, in the best,pictures of the 
northern parts of the Milky Way (see Plates XI. and XILj. 

It remains to be noticed, in conclusion, that the nebular 
system also shows the most marked tendency to stream- 
lormation when isographically charted, as in Plates TIL, IV,, 
and V., and the tendency to stream formation is more espe¬ 
cially to be noticed among the southern nebulae. It is 
■worthy of remark that, whereas the southern nebular streams 
converge upon the Magellanic Clouds, the northern nebnlar 
streams seem to extend towards the outlying streams of the 
Milky Way, as it appears in my chart of 324,198 stars. The 
evidence of a real association between stars and nebula? is 
singularly strengthened by these peculiarities of arrange¬ 
ment. 

From the Popular Science Sevi-Av for October 1871. 
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Including both hemispheres, there are visible to the naked 
eye', under the most favourable circumstances, about 5,000, 
or at the most 6,000, fixed stars. If these and the fixed stars 
visible in the most powerful telescopes were to disappear, 
and the eye to acquire the light-gathering power of Herschel’s 
20-feet reflector, there would be seen scattered over the 
vault of heaven.—instead of the fixed stars now visible— 
about as many nebulae—‘ feebly shining, cloud-like patches, 
often of strange and fantastic forms.’ 

The faint illumination of nebulae, the close crowding of 
stars in many that are resolvable, and other circumstances, 
have appeared to confirm the view that these objects shine 
from distances far beyond those of the. farthest fixed stars. 
It has been considered that nebulas are (for the most part, at 
least) aggregations of suns (‘ island-universes,’ as a German 
philosopher has expressively termed them), forming galaxies 
similar to our own ‘Milky Way,’ and reduced, notwith¬ 
standing the immensity of their dimensions, by a yet greater 
iimmensity of distance, to the appearance of faint specks of 
light, which the slightest haze in our skies is sufficient to 
conceal from us. The important discoveries effected by 
Dr. Huggins, which have shown that many nebulae are 
gaseous in composition—nineteen out of sixty observed 
presenting the spectrum of bright lines separated by dark 



spaces which indicates tho gaseity of the simrce of: light-- 
have modified these views. Without giving absolute support 
i,o tiie speculations of Sir W. Hersehel, respecting the condi¬ 
tion and changes of condition of nebulae, Hiiggins' , s discoveries 
show that the views on which Hersehel founded* his specula¬ 
tions were well grounded. The, distinctions Hersehel drew 
hotween the different classes of nebulae have been confirmed, • 
so far as spectrum analysis has yet proceeded. Every planetary 
nebula yet observed, for instance, lias been proved to be 
gaseous. The process of generalization, which had been 
commenced by many eminent astronomers,. and in which 
scarcely any distinctions but those depending on the resolva¬ 
bility of nebulae were recognised, has been abruptly cheeked. 
It is to be noticed, however, that many Herman astronomers,' 
and some, at least, of our most distinguished English 
observers (amongst others, the late Admiral Smyth) had 
looked with more than doubt on the view that,' with 
sufficient optical power, all nebulae are resolvable into stars. 

It is clear that Huggins’s discoveries affect, not merely the 
views we must form of the constitution of nebula;, but our 
ideas of the distances at which these objects are placed, and, 
therefore, of their true magnitudes. It is with such con¬ 
siderations as are suggested by modern discoveries, and with 
others for which the overthrow of opinions lately thought 
well established seems to leave room, that I wish, now to 
deal. Anything like a discussion of the general subject of 
nebula;, a sketch, however brief, of the history of their 
discovery, or an account of particular nebulae (save in illus¬ 
tration of the considerations I have to deal with), woulcMre 
wholly out of place in this essay—occupying,, as it does, the 
position of a simple preliminary dissertation, indicating re¬ 
sults on which sequent discussions are to be based. 

The first point I shall dwell upon is the distribution of 
nebulse over the heavens. In the present state of our know- 
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ledge, it would not be convenient to particularise classes of 
nebul* in considering this point—though, as we shall 
presently see, there are one or two circumstances in this 
connection which cannot be wholly neglected. 

Sir John Herschel, in order to form a clear conception of 
the distribution of nebulae over the celestial sphere, adopted 
a plan similar to that illustrated in Plate III. But he 
represented the number of nebulae falling in each space by 
numbers—a method which does not serve to present very 
clearly the distribution of nebulae. In Plates III., IV., and 
V. I have indicated the number of nebulae falling in each 
space by dotting. Let us consider what evidence the maps 
seem to present of orderly distribution. 

In the northern heavens there will be observed a very 
decided clustering in the region between llh. and 14h. of 
R.A. This is the nebular region in Virgo, 1 extending over 
Coma Berenices, and the tail of Leo, curving (to the right in 
our figure) over Canes Venatici, thence (to the left) over the 
tail and hind quarters of Ursa Major, to within about 12° 
of the pole near the tail of Draco. The borders of this 
stream or cluster of nebulae extend dispersedly over the two 
Leones, Cancer, Gemini, Lynx, and Ursa Major on one side, 
and over Bootes and Corona on the other. As there seems 
to be a decided break in the stream—or rather, perhaps, as 
the stream decidedly comes to an end near the pole—we 
must return to the point from which we commenced, and 
thence follow the stream in the contrary direction. The 
continuation of the stream presently divides into two, the 
right-hand stream passing over the left hand of Virgo, the 
tail of Hydra, and nearly the whole extent of Centaurus, to 
Crux and Musca; the left-hand stream passing over Crater, 
to Antlia, and the mast and sails of Argo. The gap which 

1 The readiest way of ascertaining where the constellations lie is to examine 
Plate VIII., in which the nebulae and the lucid stars are included. 
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discernible by terrestrial astronomers. As,, however, the 
theory is very generally held, I shall present, as I proceed, 
some considerations which seem opposed to it. We seem, 
rather, to have evidence that most of the nebulae—if not all 
of them—are much nearer to us than has been commonly 
maintained. I must observe, however, that my object is 
neither to establish nor to overthrow theories, but merely to 
note some of the salient points of the subject in hand, which 
have, as it seems to me, been unduly neglected in our works 
on Popular Astronomy. 

Sir J. Herschel, after presenting the chief features of the 
distribution of nebulae, remarks that ‘ the general conclusion 
yhich may be drawn from the survey is, that the nebulous 
system is distinct from the sidereal, though involving, and, 
perhaps, to a certain extent, intermixed with the latter.’ 
Setting aside the ‘band of clusters’ near Scorpio, already 
referred to, he considers that the distribution of nebulae is 
explained by considering the nebular region in Virgo to be 
the central condensation of a spherical (roughly speaking) 
cluster of nebulae; that, our system lies outside the denser 
part of the cluster, but is ‘ involved within its outlying 
members,’ or ‘ forms an element of some one of its protube¬ 
rances or branches, of which the individuals are the sporadic 
nebulae confusedly scattered over the general surface of the 
heavens, and of which the prolongation towards the constella¬ 
tion Pisces may give rise to the apparently denser grouping 
of the nebulas in that region.’ 

To me these views appear wholly untenable, and I feel 
the less diffidence in expressing dissent from so high an 
authority as Sir J. Herschel, because he has elsewhere 
expressed opinions which show that he held the above 
theory by but a light grasp. If the dense mass of a cluster 
of nebulae lay in one direction, and but outlying branches in 
the other, the number of nebulae seen in the former direc-. 
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tiou should overwhelmingly exceed the number seen in the. 
other ; whereas, at, the outside, the proportion in the actual 
case is but as two to one, and even this excess is no doubt 
partly due to the fact that the southern hemisphere has 
been less thoroughly searched than the northern. And 
neither this view, nor the other solution suggested by 
Herschel, explains the existence of a zone of the celestial 
hemisphere in which nebulae are markedly wanting. If our 
system, were placed within a narrow branch, or protuberance, 
of a nebular system, the cluster in Cetus should be smaller 
than it is ; if, on the other hand, the branch were of such 
dimensions as our conception of the distances of nebulae 
would lead us to expect, there would not be wanting nebula^ 
on every side of us., These, however, are not the objections 
on which I would mainly dwell. I shall be able to show, I 
think, that the appearance of nebube, and the relations they 
present to the fixed stars, are opposed to the view that they 
form an independent system, of which our galaxy is but. a - 
member. 

Singularly enough, Sir J. Herschel, immediately after 
exhibiting the views presented above, quotes (and as if in 
corroboration) an opinion of his father’s, which is very 
strongly opposed to those views. He says, ‘ It must not be 
left out of consideration, and has been distinctly remarked 
by Sir W. Herschel, as an element of whatever speculation 
a closer attention to this subject, and a more, perfect 
classification of nebular objects may lead us to indulge in, 
that the most condensed portion, and what may fairly be 
regarded as the principal nucleus of the region of Virgo, is 
situated almost precisely in one pole of the Milky Wav.’ 
Why, it may be asked, should the nebube, supposiug they 
really form a system, of which our galaxy is but a member, 
show any tendency to aggregation about either pole of the 
Milky Way ? Assuming our galaxy to be but a member of 
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a supposed nebulous system, to expect any relation of the 
kind described would be as unreasonable as it would be for 
an astronomer on Saturn to look for a connection between 
the arrangement of the fixed stars, and the apparent position 
of the Saturnian rings upon the celestial firmament. And ; 
therefore, if such an arrangement is actually observed, it 
must be accepted either as accidental— in which case it is 
clearly not necessary to consider it in forming a theory of 
the nebulae; or else we must view the arrangement as an 
evidence of a closer connection between the nebular system 
and the Milky Way than is commonly assumed to exist. 

Tracing the group or stream whose condensed region is 
in Virgo from its commencement near the tail of Draco, we 
find that it crosses a region rich in small stars and double 
stars. Coma Berenices, a .constellation which may almost be 
termed a star-cluster, is rich in nebulae. But Ursa Major, a 
region of the heavens of exactly opposite character—a region 
in which many brilliant stars shine on a background which 
in places appears (to me at least) of unusual blackness— 
includes also a rich part of the nebular stream. Leo Minor 
exhibits several small stars, but in this constellation 
nebulae are rich where small stars (fourth magnitude) are 
wanting. In this neighbourhood the background may almost 
be termed nebulous. The rich nebular cluster in Virgo lies 
on that part of the constellation which borders on Coma 
Berenices. The region is surrounded on every side by stars 
of the third and fourth magnitude, but over the region 
itself stars are rather markedly absent. Crossing the 
equator, we find that the stream shows a decided preference 
for regions in which visible stars are scarce. Tims over 
Corvus and Crater, where lucid stars are closely clustered, 
there is a gap in the nebular stream, and the rich cluster 
near the break in the Milky Way occupies the blank 
region mentioned in the preceding essay (see page 9) 
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--■a region than which there is , none more (Instate 
(so far as lucid stars are concerned) in the whole heavens. 
The neighbouring region, crossed by the brightest part of 
the Milky Way, and by a brilliant array of lucid stars, 
exhibits but few nebulae. 

Turning to the less-marked nebular cluster, whose 
greatest condensation is in Cetus, we find in its northern 
part a rich display of nebulae over parts of Perseus and 
Andromeda, in (or around) which lucid stars are thickly 
clustered. Near the equator (on the southern side) we find 
nebulae distributed richly, over a region in which are many 
stars of all magnitudes, including many double-stars, and one 
noted variable. Of the two streams into which the nebular 
system here divides, one follows the windings of Eridanus, 
with an apparent preference for the spaces clear of stars 
around which that star-stream travels; the other forms 
itself into a cluster which occupies a space almost as blank 
of lucid stars at that between Hydra and the Milky Way. 

When we consider those regions of the heavens in which 
nebula?, are markedly deficient, we find an arrangement 
which cannot be wholly accidental. I refer to the zone, very 
marked in the northern hemisphere, and not indistinctly 
traceable in the southern, which has been, already described. 
This zone is not quite coincident, in direction, with the 
Milky Way, but follows almost exactly a circular band, 
which includes more lueid stars than any corresponding 
band on the heavens. In fact, if we neglect nebula; which 
may fairly be considered to belong to the Milky Way itself, 
we may fairly say that the zone includes Cauls Major, Orion, 
Taurus, Auriga, Perseus, Cassiopeia, the richer parts of 
Cepheus and Draco, Lyra, Scorpio, and finally, the rich 
region in Argo already mentioned. 

Now, it appears to me that those who have speculated on 
the subject of nebula; have been too apt to content them- 
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selves by looking for zones and streams of aggregation, not 
noticing apparently that zones along which nebulae are 
sparingly distributed, may be as marked indications of 
systematic distribution as zones of aggregation. I consider 
that the zone mentioned in the preceding paragraph is a 
phenomenon scarcely less distinct in character than the 
zone of the Milky Way itself; and I look on the connection 
between the former zone and the zone of brilliant stars as a 
very noteworthy circumstance. 

I may remark in this connection that much less stress 
than the nature of the phenomenon fairly warrants, has 
been laid on the peculiarity that scarcely a single lucid star 
occurs within the gaps and cavities in the Milky Way. While 
stars are clustered in the borders of these spaces, within 
there is such a vacancy that one cavity is called the Coalsack, 
another is called by Sir W. Herschel ‘ an opening into space,’ 
and Sir John Herschel, speaking of the vacant region near a 
Centauri, tells us that in his powerful telescope he found 
several fields wholly blank. There is not a single star ot 
greater magnitude than the- fifth within a cavity in the 
Milky Way, or between the two streams where the galaxy is 
double ; and there are not ten stars of the fifth magnitude 
so situated. This will appear the more remarkable when we 
remember that, according to the stratum theory of the 
Milky Way, these regions ought to be very rich in stars of 
all magnitudes. 

It has been already noted by astronomers that all nebulae 
of irregular form and great extent are found along a zone 
nearly coinciding in direction with the Milky Way. The 
great circle along which such nebulae are actually found is, 
in fact, no other than that along which nebulae in general 
are conspicuously wanting. It is also worth noticing that 
where this zone, and the zonh of the Milky Way intersect, we 
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find the singular nebula round i) Argus in one hemisphere, 
and in the other the remarkable nebular region in Cygnus. 

The discovery that the great irregular nebula in Orion is 
gaseous, renders it probable that the other irregular nebula) 
are so likewise. Whether they are so or not, it is clear that 
they are totally different in character from regular nebula;. 
Therefore, we may look on their aggregation on the great 
circle along which few nebulae are found as a circumstance 
(1) not opposed to the evidence of systematic distribution 
founded on that peculiarity; (2) as itself indicative of 
a law associating nebula; with the stellar system. 

One peculiarity of the irregular nebula; deserves to be 
especially dwelt upon. All of them exhibit a Tendency to 
arrange themselves around fixed stars.- Consider, first, the 
nebula in Argo. In the first place, there is the actual 
aggregation of stars near the very region of the nebula—n 
fact which is per se remarkable, though not alone sufficient to 
indicate the connection I am seeking to exhibit. ‘ It is not 
easy,’ says Sir J. Herschel, ‘ for language to convey a full 
impression of the beauty and sublimity of the spectacle 
which this nebula offers, as it .enters the field of view of a 
telescope fixed in Eight Ascension, by the diurnal motion, 
ushered in as it is by so glorious and innumerable a procession 
of bright stars to which it forms a sort of climm‘ One 
other bright and very remarkably formed nebula of con¬ 
siderable magnitude precedes it nearly on the same parallel, 
hut without any traceable connection between them.’ I have 
italicized this last quotation, (I) because it points to a 
phenomenon observed in all the irregular nebulae, of 
associated but not always distinctly connected nebulae; (2) 
because the association of two irregular nebulae with the 
same stream of ■ bright stars is well worthy of attentive 
.notice. 

But it is when we examine the features of the nebula 
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that its association with the starry background becomes most 
clearly apparent. In the small map of the nebula given in 
Herschel’s Astronomy the relation is not satisfactorily pre¬ 
sented, but in the large map of which the former is a re¬ 
duction we find the following peculiarities :— 

The central and most condensed part of the nebula 
exhibits a vacuity of singular, but regular form, described 
by Herschel as a lemniscate-oval, but in reality more complex 
than this description implies. The brilliancy of the nebula 
is much greater on one side of this vacuity than on the 
other. In the middle of the bright region is situate the 
remarkable variable r\ Argus—a star marked in Halley’s 
Catalogue as of the fourth magnitude, but which has been 
known to surpass Canopus, and even to approach Sirius in 
magnitude. Around the vacuity there are marked in no 
less than twelve stars, either exactly on, or very close to the 
border. One of these is just within the vacuity ; but besides 
this star, which may fairiy be termed a border-star, there is 
not a single star within the opening. On the other hand, 
there may be counted, besides the twelve stars above named, 
no less than fifty-four stars on the nebulous region around 
the opening. From the central'part of the nebula there 
extend a number of nebulous streams, ‘ of whose capricious 
forms and irregular gradations it would be impossible to give 
any just idea.’ But one peculiarity is noticeable throughout 
the convolutions and contortions of these irregular streams 
—viz., that on the nebulous portions stars are common, on 
the parts clear of nebula stars are either wholly wanting or 
very sparingly distributed. And those stars which do occur 
in apparently blank regions, yet appear evidently associated 
with nebulous streams and projections pointing directly to¬ 
wards them. The connection is so marked that I cannot 
understand how it can have escaped the notice of so sagacious 
an observer as Herschel; or rather how, noticing the phe- 
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nomenon, he should not have recognised the evidence it 
afforded of a connection between the nebula and the fixed 
stars seen in the same field. There is not a single remark¬ 
able condensation or projection in the nebula which is not 
marked bj bright or clustering stars, by .stars which appear 
clearly to be leading stars , and there are not ten stars out of 
some hundreds entered, whose influence on the nebula is not 
clearly discernible. If the fainter portions of the nebula 
were examined with more powerful telescopes, I believe that 
even these stars would be found to be associated with the 
nebula. 

As respects the great nebula - in Orion, I remark that, 
while the proportion of stars whose connection with the 
nebula has not been traced is somewhat greater, yet nearly 
every marked condensation in the nebula is associated with 
conspicuous stars (that is, with stars conspicuous among 
those visible in the same field of view with the nebula). 
Every teleseopist also is familiar with, the fact, that the 
central condensation of the nebula clusters round the 
trapezium of stars, within which there is either no nebulous 
light or very little. The association is not likely to be an 
accidental one. Herscliel himself remarks that the star e 
Orionis is involved in strong nebulosity, ‘ probably connected 
with the great nebula,’ while he was able to trace, a faint 
extension of the nebula as far as the double star t, Orionis, 
which it involves, so that the star is rendered nebulous. 

Turn we now -to the region of irregular nebulae of 
Sagittarius. The first nebula mentioned by Sir J. Herscliel 
is described by him as ‘ singularly trifid, consisting of three 
bright and irregularly formed nebulous masses, graduating 
away insensibly externally, but coming up to a great intensity 
of light at their interior edges, where they enclose and 
surround a sort of three-forked rift, or vacant area, abruptly 
and uncouthly crooked, and quite void of nebulous light. 
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A beautiful triple star is situated precisely on the edge of 
one of these nebulous masses, just where the interior 
vacancy forks out into two channels. A fourth nebulous 
mass spreads like a fan or downy plume from a star , at a 
little distance from the triple nebula.’ Another (8 Messier), 
he describes as £ a collection of nebulous folds and masses, 
surrounding and including a number of oval dark vacancies, 
and in one place coming up to so great a degree of bright¬ 
ness as to offer the appearance of an elongated nucleus. 
Superposed upon this nebula, and extending in one direc¬ 
tion beyond its area, is a fine and rich cluster of scattered 
stars, which seem to have no connection with it, as the 
nebula does not, as in the region of Orion, show any 
tendency to congregate about the stars .’ Herschel gives a 
view, however; of the nebula and star-cluster which, it is 
not too much to say, is wholly irreconcilable with the 
opinions here expressed. Not only are the two brightest 
stars of the. cluster placed exactly upon the ‘elongated 
nucleus,’ but every ‘ fold and mass ’ of the nebula is asso¬ 
ciated with a region of greater richness in the cluster. 

As respects the fourth and last nebula, that of Cygnus, I 
may simply quote Sir J. Hersehel. He describes the region 
as ‘ consisting, first, of a long, narrow, curved, and forked 
streak, and, secondly, of a cellular effusion of great extent, 
in which the nebula occurs intermixed with, and adhering 
to, stars around the borders of the cells, while their interior 
is free from nebula, and almost so from stars' 

I have already drawn out this paper to a much greater 
length than I had proposed, and yet seem scarcely to 
have entered upon my subject. Let me, instead of proceed¬ 
ing to treat cursorily of the remaining branches of that 
subject, here pause and ‘ report progress.’ We have found a 
law of aggregation of nebulae in regions removed from the 
Milky Way, and thus a law of contrast, which amounts in 
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reality to a law of connection between nebulas and the starry 
system. We have found that, in the southern hemisphere, 
this law of contrast is further exhibited in an aggregation of 
nebulae over regions in which stars are wanting, and vice 
versa; lastly, we have seen that over a zone of the heavens 
in which nebulae are all but absolutely wanting, there is - a 
marked aggregation of lucid stars, that on the same zone 
all the irregular nebulae are collected, and that these 
irregular nebulae, all occurring in regions very richly bestrewn 
with fixed stars, exhibit in tbeir configuration a correspon¬ 
dence with the configuration of the fixed stars in the same 
field, which cannot be wholly accidental. 



A NEW THEORY OF THE UNIVERSE. 


The present century has been remarkable for the progress 
which has been made in all departments of astronomy. 
Within the solar system, within the sidereal or galactic 
system, and within the yet wider range ascribed to the 
nebular system, discoveries of the most important character 
have been effected. There is a singular contrast, however, 
between the amount of positive knowledge which has been 
deduced from observational labours within the solar domain, 
and the somewhat vague ideas which astronomers are content 
to hold respecting sidereal space. I shall endeavour to ex¬ 
hibit the fulness of this contrast, and then to point out some 
of the more remarkable consequences which seem to flow 
from modern observations within the stellar and nebular 
domains. 

At the end of the last century astronomers recognised in 
the solar system a mechanism of an uniform and symmetrical 
character. Around a central orb they saw revolving a family 
of dependent globes, vast in their absolute dimensions, but 
minute in comparison with the massive globe which sways 
their movements. Amongst these bodies they saw several 
attended upon by yet smaller globes, forming secondary 
systems, which resemble in many respects the great system 
of which the Sun is the controlling centre. The late dis¬ 
covery of Uranus had led them to recognise the possibility 
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that beyond the known planets there may exist ot hers, perhaps 
by no means the least important members of the solar 
system. Little was known, however, that differed in kind 
from what had been known to Aratus, Hipparchus, or 
Ptolemy. When we have named the ring of Saturn and a 
few periodic comets, which were looked on rather as acci¬ 
dental solar attendants than as forming a normal feature of 
the system, we have mentioned all that the three last, cen¬ 
turies had revealed which differed in character from what 
had been recognised for two thousand years. 

Very startling is the contrast when we turn to consider 
the views at present held respecting the solar domain. We 
no longer see a system which, however complex, might yet 
be very adequately represented by human mechanisms. We 
recognise, within a sphere exceeding manifold in diameter 
the orbit of distant Neptune, a variety and complexity of 
formation of which the human mind is unable to form 
adequate conceptions. 

The increase in the number of primary attendants upon 
the Sun, though far from being the most remarkable dis¬ 
covery which has been made during the present century, is 
well worth dwelling upon for a moment. Lately the 98th 
asteroid was discovered (see date of this essay), and yet it was 
but on the opening day of the century that the first of these 
bodies was discovered. In these new members of the solar 
system we recognise characteristics which had not hitherto 
been presented to the notice of astronomers. We see a 
series of bodies, primaries of the planetary system, which 
yet, instead of travelling in distinct and widely-separated 
orbits, revolve in paths closely interwoven. Even when but 
forty had been discovered it was truly said that if each orbit 
were represented by a hoop, it would he impossible to lift 
any one of these hoops without lifting the whoie set. We 
may fairly assume that for each discovered asteroid there are 
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to be reckoned tens, perhaps hundreds, which will remain, 
for ever undiscovered. 

It has been found, also, that there exist within the solar 
system myriads of dependent comets. Kevolving around the 
Sun in orbits of the most varied figure, differing among 
themselves in size and character, and presenting—some of 
them—the most singular phenomena that have ever re¬ 
warded astronomical observation, these objects remain among 
the mysteries of science. The only two which have as yet 
been submitted to the searching analysis of the spectroscope 
are found to consist of a gaseous nucleus attended by a coma 
which probably shines by reflected light; but whether this 
is the case with all or even the generality of comets it would 
be assuming too much to assert. 

The most remarkable feature of modern astronomical 
discovery remains yet to be mentioned. A phenomenon 
which men had long been in the habit of looking upon as a 
meteorological one has been at length recognised in its true 
light, and has been found wonderfully to enhance our appre¬ 
ciation of the complexity of the systems which exist within 
the solar domain. Meteors,, shooting-stars, and aerolites 
have taken their place among the ^attendants of the Sun; 
and in several instances the orbits they have followed before 
they reached the Earth have been approximately determined. 

But it is rather as members of -systems than as individual 
bodies, that these objects acquire their chief interest and 
meaning. There was not much, perhaps, to attract atten¬ 
tion to them when they were supposed to. form one or two 
rings occupying a position in space very nearly coincident 
with that of the Earth’s orbit. But it has now been placed 
beyond a doubt that the Earth encounters fifty-six systems, 
at least, of these small bodies. And these systems are found 
(in the only instances yet examined) to be—not circular 
rings—but ovals of great eccentricity extending far into 
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space—even in some eases bnyond the orbits of TJranus and 
Neptune. It is clear, then, that we can no longer look on 
the«e systems as resembling,. in the remotest degree, the 
asteroidal zone, We are forced, too, to take into considera¬ 
tion an important question of probability. What is the 
likelihood that if there were but a few hundreds of such 
systems, the Earth would encounter , so many as fifty-six? 
( See date of article). The probability may be reckoned 4 al¬ 
most at naked nothing.’ And therefore we are compelled to 
admit as a legitimate « posteriori deduction, the extreme 
probability, we may almost say the certainty, that such 
systems are to be reckoned—not by hundreds and thousands 
—but by millions ou millions. 

Nor is this all. Within the last few months the startling' 
discovery has been made that two of the meteoric systems at 
least, and probably many other's, coincide throughout their 
calculated extent with the orbits of known comets. Accord¬ 
ingly we are led to trace an intimate connection, if not an 
absolute identity, between comets and shooting-star systems. 
And when we find that a system, which has afforded such 
grand displays of star-falls as the well-known November 
shooting-star system, is identified—not with a large and con¬ 
spicuous comet—but with one which has only lately been 
detected, though it must have been in close proximity to the 
earth some thirty times during the last thousand years, with 
a comet, in fact, which is absolutely invisible to the naked 
eye, and far from being' a conspicuous object in powerful 
telescopes, we are led to recognise the importance of such 
comets as Newton’s, Halley’s, and Donati’s. 

The result to which these considerations lead is clearly 
this;— 

The interplanetary spaees, so far from being looked upon 
as untenanted, save by an occasional wandering comet, must 
be considered as crowded with various forms of cosmical 
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matter. I would not be understood as using the term 
‘ crowded’ in a sense implying absolute proximity between 
the various members of the eometic or meteoric systems. 
On the contrary, the evidence that we have assures us that 
the sum of the volumes of all the members of a system must 
bear an indefinitely small proportion to the total space oc¬ 
cupied by the system. But if an eye, armed with new 
powers of vision, and placed at some far distant point, could 
see at one glance all the systems which occupy the solar 
domain, they would appear as a complicated network formed 
by interlacing streams of cosmical dust. And amidst the 
streams of misty light representing cometic or meteoric 
systems, the planets would shine forth as distinctly and as 
brilliantly as the brighter stars upon the background of the 
Milky Way. 

hTor does it seem difficult to determine the general laws 
according to which the density or compactness of the inter¬ 
woven streams would seem—to an eye placed as we have sup¬ 
posed—to vary with distance from the central orb. 

Proceeding from the outermost parts of the system 
towards the Sun, we may conceive that there is in the more 
remote regions a gradual condensation, but that this increase 
of density becomes much more rapid in the immediate 
neighbourhood of the Sun. This is not the only law, how¬ 
ever, according to which the density of matter distributed 
throughout the solar domain must be supposed to increase. 
There is a certain plane near which all the primary members 
of the solar system are observed to move. In the asteroidal 
family, whose members depart more freely than the larger 
planets from this great central plane, there is, nevertheless, 
a distinctly marked obedience to the general law of aggre¬ 
gation in its neighbourhood. Three-fourths of the asteroids 
revolve in orbits less than ten degrees inclined to the medial 
plane, and there are not ten of them whose orbits are in- 
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dined so much as twenty degrees, Now, on a first view of 
cometic relations, we notice scarcely any trace of a tendency to 
aggregation near the medial plane of the solar system. Nay, 
so far is this from being the case, that among several hun¬ 
dreds of comets whose orbits have been determined-, a decided 
tendency of a very different character has been noticed. If 
we suppose the Sun to lie at the common vertex of a double 
cone having a semi-vertical angle of forty-five degrees, and 
its axis perpendicular to the medial plane, then the planes of 
cometic orbits exhibit a tendency to present themselves as 
tangent-planes to this imaginary cone. 1 But when we 
consider cometic orbits more closely, we find abundant 
evidence of a tendency amongst those comets which are 
nearest to the Sun to aggregate around the medial plane of 
the solar system. There are some twenty comets which have 
been recognised as travelling within the orbit of Saturn. 
Among these there are only two whose orbits are inclined'more 
than fifteen degrees to the medial plane of the solar system. 
Now there is no reason whatever for supposing that there are 
not multitudes of undetected comets whose perihelia lie far 

1 This tendency has been pointed ont by one of our most distinguished 
modern astronomers. As it seems impossible to suggest any rational explana¬ 
tion of so remarkable a peculiarity—for we have to explain, not merely the 
fact that the orbit-planes show no tendency to coincidence with the medial plane, 
but also the fact that the medial plane should be connected in any way with 
cometic orbits—one seems permitted to question whether the peculiarity is 
real, or only apparent. Now, if we. remember that, eaterig paribus, the greater 
the inclination of a comet to the plane of the ecliptic (virtually coincident with 
the medial plane of the solar system) the greater the antecedent probability 
that the comet will be detected, we may recognise a cause for the observed 
peculiarity, independently of any real peculiarity in the arrangement of cometic 
orbits. A gradual diminution in the number of orbits as we leave the plane of 
the ecliptic, in combination with this gradual increase in the probability of 
detection, might very well lead to such a result as we have specified. Ac¬ 
cording to the law of decrease or increase respectively, the variation in the 
numerical distribution of observed cometic orbits might point to the existence 
of a. maximum at any assigned inclination to the ecliptic. 

The tendency in question is so far from being strongly marked that this con¬ 
sideration may, for the present, be held to be a sufficient explanation. 
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nearer to the Sun than any yet discovered. On the 
contrary, we have distinct evidence of a rapid increase in the 
number of perihelia, with decrease of distance down to 
and within the neighbourhood of the Earth’s orbit; 1 and, 
remembering the probability that comets whose perihelia 
lie nearer to the Sun would escape observation altogether, 
we have every reason for supposing that this law of increase 
is continued—as why should it change ?—right up to the 
immediate neighbourhood of the Sun. And further, we 
may confidently assume that that obedience to planetary laws 
which, as we have seen, begins to be exhibited by comets 
within the orbit of Saturn, becomes yet more marked 
among comets nearer to the Sun. Therefore, it seems 
highly probable that cometic orbits, and especially those 
which are nearest to the Sun, show a marked tendency 
towards aggregation near the medial plane of the solar system. 

A celestial phenomenon, of which we have not hitherto 
spoken, appears to gain a far easier explanation from the 
considerations above adduced, than from the theories 
ordinarily adopted respecting it. The zodiacal light has 
been accounted for in three ways. There are some who hold 
that it is an atmosphere of the sun; others that it consists 
of a ring of cosmical particles, travelling around him in a 
nearly cii'cular orbit; and others that it consists of a 
lenticular disc of cosmical dust, each portion of which travels 
in a nearly circular orbit. The remarkable phenomena 
presented by the zodiacal light, its strangely fluctuating 
figure, its varying position, and the singular increase and 
diminution noticed in its distinctness, are not accounted for 
by any of these theories. But if we recognise in the 

1 Thus, out of one hundred observed comets, fifty-eight have perihelia be¬ 
tween forty millions and a hundred millions of miles from the Sud, twenty 
have a less perihelion distance, and four only have a perihelion distance ex¬ 
ceeding one hundred and sixty millions of miles. 
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zodiacal light merely the effect of the above-considered 
aggregation among the cometic or meteoric systems -which 
exist within the solar domain, the variations I have mentioned 
become readily explicable. A multitude of bodies, travelling 
in orbits of every degree of ellipticity and magnitude, but 
with a marked aggregation in the neighbourhood of the Sun, 
and with a yet more marked aggregation in the neighbour¬ 
hood of the medial plane of the solar system, would, in the 
first place, exhibit precisely such an appearance as the 
zodiacal light; and, in the second place, the general illumi¬ 
nation resulting from the congregated comets would be liable 
to continual variation. Comets would be continually 
arriving within and passing away from the. region within 
which their light would assist in forming the appearance we 
are considering. At one time the press of arrivals would 
temporarily increase the density of cometic aggregation : at 
another, the reverse would hold for a while, and. the zodiacal 
light would wax and wane accordingly, precisely, as it is 
observed to do. So also its figure and apparent position 
would be liable to changes corresponding to those which are 
actually presented. Therefore, without denying positively 
that the zodiacal light is caused by the existence of a 
multitude of minute bodies travelling in orbits of small 
eccentricity around the Sun, I hold that the phenomena 
correspond far more closely with those which would be, 
presented if there is in the neighbourhood of the Sun a. 
great increase in the’ density with which cometic and 
meteoric systems are congregated together in the neighbour¬ 
hood of the medial plane of the solar system. And. this 
correspondence becomes a strong argument in favour of such 
an increase of density when it is remembered that, as we 
have seen, there exist independent reasons for believing an 
aggregation of this sort to be not only possible, but highly 
probable. 
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But whatever opinion we may form on this and kindred 
questions, there is no dubiety whatever about the general 
results which have been presented above. Our conceptions 
of the solar domain are different, indeed, from those formed 
of old. ‘ There was true prophecy,’ as has been well re¬ 
marked by the late Professor Nichol, 6 in the exclamation of 
Laplace, who, although knowing more of the celestial 
mechanism than any man then living, said earnestly, on his 
death bed, “ That which we know is little; that which we 
know not is immense.” ’ 

'When we turn to examine the views which were held 
respecting the sidereal system at the commencement of the 
present century we find that they are distinguished by no 
very marked points of difference from those at present 
entertained. Yet have many important discoveries been 
made in the interval, which seem to suggest a modification, 
in many respects, of the views which have so long held their 
ground. What these axe I proceed to point out. 

So soon as the Copemican theory had become thoroughly 
established, and had been supplemented by adequate concep¬ 
tions of the dimensions of the Earth’s orbit round the Sun, 
it became manifest that the stars must be placed at an 
enormous distance from the solar system. That the motion 
of the Earth in an orbit one hundred and eighty millions of 
miles in diameter, should produce no appreciable effect on 
the configuration of the constellations, could be explained 
in no other way than by supposing that an orbit of these 
dimensions, viewed from the nearest fixed star, would 
scarcely present appreciable proportions. Ami when the 
nicest observation with the most accurate instruments which 
were then procurable, showed that any parallactic displace¬ 
ments which may exist among the stars, are insensible, 
or, at any rate, fall short of recogni.-ed instrumental errors, 
astronomers were compelled yet further to extend their con- 
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captions of the immensity of the interval which separates 
the Sun from the nearest fixed star, , - : 

Accordingly, the notion that each visible star may he a 
Sim, in magnitude and splendour equal to, or perhaps excel¬ 
ling our own, was early recognised by astronomers as not- 
merely reconcilable with the apparent minuteness of the 
stars, but as suggested by a comparison of the brilliancy of 
their light at the enormous distance we have referred to, 
with the splendour of the great luminary of our system. 
And it was seen that the great variety of lustre which is 
observed among the stars is no evidence of any corresponding, 
variety in their real magnitudes, but may lie readily ex¬ 
plained by the supposition that the stars are placed ■ at 
different distances from the Sun. Perhaps astronomers in 
this respect fell into the opposite error, and were too ready 
to assume diversity of distance as the sole, or almost the 
sole, explanation of difference of lustre. 4 The supposition,’ 
says a modern writer, ‘has been usually adopted; and we 
accordingly , consider the stars to derive their variety of 
lustre almost entirely from their places in the universe 
being at various distances from us.’ Here we may apply 
the first lesson which is taught us by a consideration of the 
solar system; and from the analogy of that system, with 
the infinite diversity of magnitude presented among its 
various members, we may learn to expect a corresponding 
diversity among the components of the great sidereal system. 

When the considerations which had, been applied to the 
scattered stars visible either to the naked eye or with -the 
telescope, came to be extended to that vast irregular annulus 
of nebular light called the galaxy, or Milky Way, the most 
startling conceptions were suggested of the enormous extent 
of the sidereal system. This remarkable zone bad from the 
earliest ages engaged the attention of astronomers. . Long 
before Galileo bad resolved portions of it into stars, 
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Democritus had maintained just views respecting its 
structure. Manilius also suggested— 

An major dens4 stellarum turba corona 

Contexit flammas, et crasso lumine candet, 

Et fulgore nitet collato clarior orbis. 

Regarded, however, as a zone of suns, this phenomenon 
acquired a new and astounding significance. If we could 
suppose a multitude of suns resembling our own to he so 
closely compacted together as the component stars of the 
Milky Way appear to be, there must result an inconceivable 
splendour in those far distant regions; if, on the other hand, 
the orbs which seem to lie in such close order, are in reality 
separated by distances comparable with those which separate 
the Sun from the nearest fixed star, how inconceivably distant 
must they lie from us, that such intervals as these should be 
diminished to evanescence ! The last supposition has been 
the one universally accepted by astronomers. Of the two it 
clearly accounts best for the observed appearance of the 
galaxy. I shall presently have occasion to show the 
probability, if not the certainty, that neither view represents 
the relations which actually subsist among the stellar com¬ 
ponents of the Milky Way. 

The phenomena presented by this zone of nebulous light 
are intimately associated with the remarkable researches of 
Sir William Herschel among the fixed stars. This eminent 
astronomer, in whom were presented all the qualifications 
required to constitute a first-class observer, side by side with 
that power of systematic reasoning on observed facts which 
so seldom accompanies the highest observing powers, was 
early fired by the bold ambition to gauge the depths of our 
sidereal system. He cast aside the notion, which had been 
held, almost unquestioned, till his day, that the stars of that 
system extend on every side to an infinite distance. He saw 
that the existence of a Milky Way affords evidence that the 
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sidereal system has definite bounds; and he quickly graced 
at the only method which is available for the determination 
of its figure. ‘This great, inspired, and cautious observer,’ 
says Humboldt, ‘ first east the plumb-line into the depths of 
heaven, to determine the boundaries and the form of the 
separate cluster of stars which we inhabit,’ It has' been said 
of him that ‘ he broke through the barriers of the .heavens 
{eodoru/m perrupit ckmstra),’ and we shall presently see in 
what sense these words have been used. But it must not be 
forgotten that to his labours and to those of his son are due 
the ideas we at present hold of what those barriers are, ’ He 
was at once the Romulus and the Remus of astronomy; he 
marked out the limits of our system, and he showed how man 
might boldly venture beyond those limits into the domain of 
the illimitable. 

Herschel’s method, of gauging the sidereal heavens has 
been long and deservedly the theme of admiration.- The 
boldness and originality of the conception, and the mwearying 
perseverance with which the laborious processes involved were 
carried out—by the elder Herschel over the northern hemi¬ 
sphere and by the younger over the southern—are unexampled 
in the history of observational astronomy. Assuming a 
certain approach to uniformity in the distribution of the 
stars, and also (for this is very important) that there is no 
such law of extinction of light in traversing great distances 
as would prevent a telescope of great power from penetrating 
the full depths of the system iu every direction, it is clear 
that a very simple process will serve to indicate the relative 
distance of the observer from different parts of the system’s 
exterior surface. This method and its results have already 
been discussed in the pages of a preceding essay. We have 
seen that the labours of the two Hersehels seem to show that 
the stellar system forms a flatfish disc of stars, whose central 
plane corresponds with that of the Milky Way. In one 
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direction this disc is cloven, and those parts of the heavens 
which lie opposite the two divisions of the stellar disc are 
occupied by a double stream of milky light. 

We have seen also that Herschel soon recognised a 
complexity in the structure of the Sidereal System, which 
prevented him from regarding the figure of a cloven disc as 
any save the roughest representation of the galactic system. 
He saw that in portions of the Milky Way the stars exhibit 
a tendency to form themselves into clustering groups, and he 
saw that a tendency of this sort would be quite sufficient to 
vitiate, not merely those gauges which were made in the 
direction of the clustering stars themselves, but also those 
made in neighbouring regions; for where the stars were 
clustering together, the star-gaugings would indicate a depth 
not really presented by the sidereal system in that direction, 
and the regions in which stars were more sparsely strewn 
(owing to the influence of neighbouring aggregations) would 
also give false evidence, but of an opposite kind, respecting 
the depth of the system. 

Some of the peculiarities presented by the Sidereal 
System must now engage our attention. 

In some regions of the Sidereal System extremely minute 
stars are seen, so sparsely distributed as to fall very far short 
of the number which ought to be seen if the system extends 
to the distance indicated (on the usual theories) by the 
minuteness of these objects, very far short, in fact, of the 
number actually seen in other fields not more richly strewn 
with stars of less minuteness. We seem compelled therefore 
to assume, either that these very minute stars are actually 
intermingled with the larger stars which appear in the same 
field, or that the galactic system thins off rapidly near its 
edges. In other words, we must either abandon the notion 
of any approach to uniformity in star-magnitudes, or we 
must concede a want of uniformity in stellar distribution, 
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near the boundaries, at any rate, Of the galactic system.* 
We are, of course, also free to assume a want of uniformity 
in both respects. 

In other regions a yet more noteworthy phenomenon 
presents itself. The stars seen oyer the ground of the 
heavens exhibit an almost uniform lustre, and at the same 
time a very even distribution. In such a case' we are bound 
to assume a real uniformity, both in the magnitude of the 
individual stars and in the distances which separate them. 
For the actual uniformity of apparent magnitude can only 
result from a real uniformity, or from such a distribution of 
unequal stars at distances proportioned to their magnitude 
as is wholly improbable. And it is in an equal degree im¬ 
probable that, if the distances between the component stars 
were unequal, a peculiarity of arrangement should result in 
presenting to us the appearance of uniform distribution. It 
appears to me that there is no way of escaping from the con¬ 
clusion accepted by Sir John Herschel, that we are- here 
‘ looking through a sheet of stars nearly of a size,- and of no 
great thickness compared with the distance which separates 
them from us.’ 

In other cases a double phenomenon of the kind just 
described is presented, leading to the conclusion ‘ that in 
such cases we look through two sidereal sheets separated by 
a starless interval.’ 

It is hardly necessary to point out that the uniformity 
evidenced by these peculiarities is of a very different kind 
from that which the elder Herschel took as the basis of his 

1 It is singular that Sir John Herschel omits all notice of the second; and 
perhaps the more probable alternative. ‘In those regions/ ho writes, ‘where 
the Milky Way is clearly resolved into stars well separated, and seen projected 
on a blade ground’ (the italics are his), ‘and whereby consequence it is certain 
that we look out beyond them into space, the smallest visible stars appear 
as such, not by reason of excessive distance, but of a real inferiority of size or 
brightness. 
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star-gaugings. His results were obtained on the supposition 
that there are no such starless intervals as must necessarily 
be assumed to lie on either side of the ‘ star-sheets ’ of Sir 
John Herschel. 

Another law has been detected in the aggregation of 
stars, a law which tends rather to modify than to negative 
the results of Herschel’s star-gauging. Among the possible 
explanations of the existence of a galactic zone, there is 
clearly this one,—that, in place of a great extension of our 
system in the direction indicated by that zone, there exists a 
real condensation of stars in that direction. To determine 
whether such a condensation,, or a condensation of any sort, 
exists in the neighbourhood of the Milky Way, it is necessary 
to compare not merely the number of stars visible in dif¬ 
ferent fields of view, but the number of stars of the same 
apparent magnitude. That is, it is necessary to take into 
account the relative distance of the stars as supposed to be 
indicated by their relative lustre. This has been done for 
all orders of stars down to the ninth, inclusive, by the elder 
Struve. He has shown that there is a marked condensation 
of stars towards the plane of the galactic circle; a condensa¬ 
tion, however, which, as might be anticipated, is far from 
being sufficient, per se, to account for the observed increase 
of light in that direction. In other words, we are still bound 
to accept a considerable extension of our system in the 
galactic plane as fairly deducible from the gauges of Sir W. 
Herschel, but we have a secondary cause for the law observed 
in those gauges which is not to be neglected when we are 
attempting to realize the actual constitution of the sidereal 
system. It may be noticed in passing that the condensation 
detected by Struve is more marked among the smaller stars; 
but is not wholly wanting among the stars of the first four 
or five magnitudes. Sir John Herscliel’s gauges in the 
southern hemisphere gave a different result, and lie holds 
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that it is only as we approach the sphere of the telescopic 
stars that we obtain any appreciable indications of condensa¬ 
tion. The difference between the two hemispheres in this 
respect is worth noticing, and may be looked upon as con¬ 
nected with another peculiarity mentioned by Sir John 
Herschel, viz., the greater richness of the southern hemi¬ 
sphere in stars of all orders. 

We see, then, that in many important respects H'erscber.s 
first supposition, that there exists an approach to uniformity 
in the magnitudes of stars, and in their distribution through¬ 
out our system, is found not to be- consistent with observed 
facts. Let us next consider bis second supposition, or I 
believe we should be more correct in saying his tacit 
assumption, that there is no appreciable extinction of light 
in traversing interstellar space. The considerations Con¬ 
nected with this question are of great importance and 
interest. 

It may seem at first sight, and has been maintained by 
many eminent scientific men, that if infinite space is 
occupied by an infinite number of stars, whose average 
intrinsic lustre is equal to that of our own Sun, then, unless 
light suffer extinction in its progress through celestial regions, 
the whole sky would everywhere appear as brilliant as the- sol ar 
disc. Indeed it may be proved that an uniform distribution 
of such suns, at whatever common distance, and whatever 
their mean magnitude, must inevitably lead to an illumina¬ 
tion of this sort unless light be gradually extinguished as 
supposed. Or again, if we suppose that the system of stars 
whereof our Sun is a member is limited on every side, but 
that an infinite number of such systems exist uniformly 
distributed, at whatever common interval, throughout space, 
the same result would inevitably follow. Now, wholly incom¬ 
prehensible as the idea of infinite space is to our finite 
minds, we cannot escape the admission of its existence. 
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The only question for us is between an infinity of occupied 
space, and an infinity of vacant space, surrounding a finite 
universe. Either idea is equally incomprehensible ; but the 
former is merely beyond , the latter seems contrary to reason. 
It would seem, therefore, as if we were compelled to accept 
the gradual extinction of light as the only possible explana¬ 
tion of the darkness of the background on which the stars 
appear to be projected. 

But there is another way in which we may explain the 
darkness of the sky at night, without assuming either the 
extinction of light, or that occupied space is an infinitely 
minute speck amidst an infinity of vacant space. So far as 
I am aware, it is new, at least as regards its application to 
the difficulty we are now considering: In the solar system 
we are presented with a finite number of bodies placed 
within a region of unoccupied space, bearing a very large 
ratio to the dimensions of the solar domain. In the sidereal 
system we seem to be presented with a finite number of such 
suns, forming a cluster, which is surrounded on all sides 
by unmeasured depths of space. Assuming our system to 
form one of a finite number of similar systems, separated 
from each other by distances bearing a very large ratio to 
the dimensions of each, and that thus a system of a higher 
order is formed, which again forms one of a finite number of 
similar systems, and so on continually,— the dimensions of 
each system of uhatever order being always very small in 
comparison with the distance separating it from its neigh¬ 
bours, —then there would no longer result as a necessary conse¬ 
quence even an appreciable illumination of the whole heavens. 
I do not present these views as hypotheses which I wish to 
support; all I seek to show is that, by assuming the existence 
of such systems in successive orders, the subject of the ex¬ 
tinction of light is left an open one. Of course the question 
is also left open if we assume that occupied space is finite. 
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Such an assumption appears to me, however, to he incon¬ 
sistent with the conception of an -omnipotent. Creator. 

The arguments for and against, the .extinction of light 
have an important hearing on the theory of our sidereal 
system. Few subjects have been more acutely and closely 
reasoned. 

Others was the first,, I believe, to put forward a definite 
theory asserting the extinction of light, though Halley, and 
many other philosophers, had held somewhat similar views. 
In support of Olbers’ theory the elder Struve put forward the 
following considerations :■—■ , • 

Sir W. Herschel’s twenty-feet reflector should have a space- 
penetrating power of 74*83, the range of the naked eye being 
taken as unity. Now Struve found by a computation based 
on the law of condensation of the stars in the plane of the 
Milky Way, that such a power as this would result in giving 
an average of 3,021 stars for the telescope's field of view, 
15' in diameter. But, instead of this number, HerschcTs 
observations give only 122 stars per field.. And Struve 
calculated that Herschcl should have seen as many stars as 
this with a space-penetrating power of only 25*67-, if there is 
no extinction of light. It seemed to follow, therefore, that 
the minutest stars visible in.Herschel’s telescope send no more 
light to us than stars nearly three times as far off would send 
if there were no extinction. .Therefore the smallest stars 
visible to Herschel shine—according to Struve—with little 
more than one-ninth part of their proper lustre; or, more 
exactly, the diminution of brightness is no less than J-A-tbs 
of the whole quantity. 

But. it is answered by Sir John Herschel that the results 
on which Struve founds his calculations may he otherwise 
explained. If there is a diminution in the density of stellar 
aggregation towards the limits of the Milky Way, correspond¬ 
ing to the observed diminution at right angles to the plane 
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variable stars, and of binary and multiple systems, the sudden 
blazing forth of temporary stars, some of which have excelled 
even Sirius in splendour, the reputed existence of dark orbs, 
—all these and many other evidences suffice to show how 
much variety there is amongst the denizens of stellar regions. 
That there should be such variety is what our contemplation 
of the solar system leads us to expect. And indeed, when 
we remember how largely the resources of astronomy have 
been taxed for the detection of the known peculiarities of the 
solar system, and that, for aught we know, not a tithe of the 
various orders of bodies which form that system have yet 
been revealed to us, surely it seems little likely that what we 
know of the sidereal system affords the faintest conception of 
the wondrously varied forms of creation which doubtless exist 
within the stellar spaces. 

But we have yet to consider those mysteries of mysteries 
—the nebulas. 

The discovery that the vault of heaven is bestrewn with 
multitudes of objects, which differ wholly in character from 
the fixed stars, may be said to belong to the last hundred 
years. In 1768, only 68 nebulae had been detected. 
Singularly enough, 42 of these belonged to the southern 
hemisphere. In 1771, Messier published a list of 103 nebulae. 
But all prior investigations sink into insignificance in the 
presence of the discoveries made by the two Herschels. 
In 1786, Sir W. Herschel published a list of 1,000 nebulae; 
three years later he added another 1,000 ; and finally, in 1802, 
he formed a supplementary list of 500 new nebulae. Sir J. 
Herschel examined no less than 2,306 northern nebulae, 
of which 500 were discovered by himself; then journeying to 
the Cape of Good Hope, he formed a catalogue of 1,708 
southern nebulae. Of the 6,000 known nebulae, the Herschels 
have discovered more than four-fifths. 

The views entertained respecting nebulae are so vague that 
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it is hardly possible to present them in any systematic form. 
But perhaps we shall be able to form a tolerably fair 
estimate of modern notions by considering the two chief 
hypotheses which have been held by astronomers. 

First we must draw a line of demarcation between 
nebulous objects which are assumed to. belong to the galaxy, 
and true nebulae. This is not so easy a matter as it might' 
seem at first sight. In the sidereal universe we see binary, 
triple, and multiple systems ; we see also star-clusters, such as 
the Pleiades, and Praesepe, and that wonderful cluster which 
adorns the sword-handle of Perseus; we see also clustering 
collections of stars, extending far more widely than any of 
these. But already we have touched upon a difficulty. 
Such spots of light as the cluster in Perseus—are these to be 
looked on as certainly belonging to the galactic system ? I 
have no doubt myself upon the point; nor, so far as I am 
aware, has any astronomer ever expressed any. Yet it is not 
easy to see on what grounds we can assume that the spot in 
Perseus belongs to the Milky Way, while we look upon other 
clusters—the great cluster in Hercules for example—as lying 
far out in space beyond the confines of our galaxy. For the 
present, however, we may content ourselves with the distinc¬ 
tion usually drawn by astronomers, and admit irregular and 
widely-distributed clusters as' belonging to the sidereal system, 
while we place the globular and closely-compacted star- 
clusters in the list of true nebulae. 

Thus there remain five classes of nebulae:— 

Resolvable nebulae, or nebulae which exhibit such an 
appearance as leads the experienced astronomer to suspect 
that with an increase of telescopic power they can be resolved 
into discrete stars. 

Nebulae which exhibit no trace of resolvability. 

Planetary nebulae. 

Stellar nebulae. 
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Nebulous stars. 

Now, according to one view, which was maintained until 
quite recently as by far the most probable theory, objects 
belonging to all these classes (including globular star- 
clusters), were looked upon as in reality composed of suns, 
resembling our own in magnitude and splendour, and sepa¬ 
rated from each other by distances comparable to, perhaps 
surpassing, the distances which separate our Sun from 
neighbouring fixed stars. Nebulae, in fact, were looked upon 
as galaxies resembling our own, some exceeding it, others 
falling short of it, in richness and splendour: but all of them 
‘ island universes,’ to use Humboldt’s expressive verbiage, and 
all of them—even the nearest—removed from us by distances 
which exceed, in an enormous proportion, the dimensions of 
our galaxy. The resolvable clusters were of course considered 
to be the nearest of the outlying universes. Accordingly, 
when it is remembered that some of these are clearly resolved 
by pigmy tubes, while there exist irresolvable nebula: of 
great apparent extent, which have defied the power of the 
great Parsonstown reflector, it will be seen how largely—on 
the hypothesis we are considering—the ‘island universes’ 
vary in their distances from us, and in their own dimensions. 

According to the other hypothesis, multitudes of the 
nebulae are outlying universes, but not all of them. Sir W. 
Herschel, in the beginning of his career, had held the former 
opinion, following in this respect Cassini and Mitchell. But 
in the first year of the present century he began to express 
different views. Admitting that the majority of the nebulae 
are aggregations of suns, rendered nebulous only through 
excessive distance, Herschel was led to the belief that many 
nebulas are formed in reality—as in appearance — from 
cosmical vapour. Half a century before, Kant and Lambert 
had expressed similar views; but their speculations had not 
been founded, as Herschel’s theories were, upon a long process 
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of research among nebulae. Herschel’s treatment of Ins 
observations was characterised by bis usual clear-sightedness. 
He pointed out the remarkable contrast that exists between 
the small yet easily resolved clusters, and such objects as the 
great Orion nebula, and the ‘queen of the nebulae* in 
Andromeda. Both of these are distinctly visible to the 
naked eye, and are yet absolutely irresolvable even in those 
monster tubes which, the Herscliels directed towards the 
heavens. He dealt also with the peculiarities of the planetary 
nebulae and of nebulous stars. The former, shining as discs 
of bluish or greenish light, are very unlike 'star-clusters of 
equal apparent dimensions. In many respects also they 
present a very different aspect from that which we should 
be disposed to assign to star-universes of abnormally large 
absolute dimensions, removed to a proportionately enormous 
distance. As regards the ‘ nebulous stars,’ there are equal 
difficulties to encounter. If the central brightness is really, 
as it appears to be, due to the presence of. a single star, how 
largely must the dimensions of this sun exceed those of the 
other members of the system it belongs to ; and how different, 
therefore, must that system be from our own galaxy. On the 
other hand, if the central brightness affords evidence of a 
close aggregation of stars, how different is the variety of dis¬ 
tribution indicated by this arrangement from the uniformity 
attributed to our own sidereal system. 

Influenced by considerations such as these, and by others 
on which I have not space now to dwell, Herschel propounded 
the hypothesis that many of the unresolved nebulae are not 
sidereal systems, but are formed of a nebulous fluid resembling 
in some respects that which is assumed to form the substance 
of comets. He held, as a natural corollary to this view, the 
opinion that nebulae thus composed are not necessarily far 
removed beyond the limits of our own galaxy, but may be 
situated amidst the interstellar spaces. He showed further 
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how there may be traced among the different orders of 
vaporous or fluid nebulae the stages of a process of develop¬ 
ment leading upwards, he held, to the formation of suns 
resembling our own. 

I have said that the former theory has been held to be 
the most probable one. This has arisen from the fact that 
under the amazing light-gathering power of Lord Eosse’s 
great reflector, and under the exquisite defining power of%he 
Harvard College refractor, the Orion and Andromeda nebulae 
have been resolved, in part at any rate, into discrete stars. 

But the marvellous revelations afforded by the spectroscope, 
in the able hands of Dr. Huggins, have shown that the one 
great mistake into which it had been assumed that Herschel 
had fallen, was in reality one of the most remarkable of his 
many anticipations of modern discoveries. We cannot, indeed, 
assert that Herschel’s speculations respecting the genesis of 
stars have been confirmed. They have not, however, been 
disproved. And the great fact which he considered as the 
legitimate deduction from his observations has been placed 
beyond a doubt. The spectroscope tells us, in a manner 
which admits neither of doubt nor cavil, that many of 
the nebulae are composed of luminous gas, and amongst 
these are to be included the Orion nebula and all the 
planetary nebulae which have as yet been observed. The 
Andromeda nebula, about which Herschel expressed no 
decided opinion, is found to shine with stellar light. The 
same is the case with all the cluster-nebulae which have yet 
been examined with the spectroscope. 

In the preceding paper on the distribution of the nebulae I 
have exhibited the very remarkable and significant relations 
which they present when viewed as a system. The supposed 
nebular zone of Sir W. Herschel has been shown not to be a 
reality. On the contrary, the northern nebulae are found to 
be gathered into a vast cluster covering about one-fourth of 
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the surface of the northern celestial hemisphere, and situated 
nearly at tlie pole of the galactic circle. In the southern 
hemisphere there is a greater uniformity of distribution, 
save where, within the Magellanic Clouds, nebul® arc found 
clustered even more closely than in the richest parts of the 
northern nebular cluster. These mysterious clouds, how¬ 
ever, are considered by many astronomers to possess a cha¬ 
racter which separates them as well from the true nebular 
system as from the sidereal system. The reasons on which 
this opinion is founded are sufficiently remarkable per se, 
though they are justified, I imagine, by .the theories astro¬ 
nomers have been so long content to hold respecting the 
universe; The Magellanic- Clouds, it would seem, are to be 
looked on as belonging neither to the nebular nor to the 
sidereal system , because they exhibit, the characteristics of 
both systems. 

In dealing with the accepted views respecting the sidereal 
and nebular systems, I have treated the two systems sepa¬ 
rately. In fact, according to the received opinions—whether 
we take the theory of those who look upon all nebula as 
‘ island universes,’ or that of those who consider that some 
few are to be excepted—the sidereal system is hut a. member 
of the nebular system. Just as the Sim is one among the 
stars, so the Milky Way is held to be one among the 
nebulae. 

In presenting the views I have been led to entertain 
respecting the constitution of the universe, I shall consider 
the two systems together—for this reason, simply, that I 
believe them to form but one system. 

I would not be understood to assert that all the nebula; 
lie within the confines of the Milky Way. • There may be 
some few which really are external systems. For instance, 
I think it not improbable that the spiral nebula? are galaxies 
resembling our own. But that the majority of the nebula?, 
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and especially such objects as the great star-cluster in 
Hercules, are to be looked upon as external universes, I am 
disposed wholly to deny. 

I think, indeed, that I shall he able at once to show the 
extreme improbability that even such an object as the 
Andromeda nebula is an external universe on the assumption 
that the accepted view of the sidereal system is the true one. 
Let us consider. In the Milky Way we are supposed to 
have an aggregation of suns separated from each other— 
throughout the whole extent of the galaxy—by distances 
comparable with the distance which separates our Sun from 
the nearest fixed stars. But so widely are the outer parts 
of the Milky Way separated from us, that—though composed 
in this manner—they appear even in our most powerful 
telescopes as mere patches of filmy light. Nay, there are 
streams of light so faint that, in the clear skies of the 
southern hemisphere, and examined by such an observer as 
Sir John Herschel, with a reflector eighteen inches in aper¬ 
ture, they appear but as a scarcely perceptible stippling or 
mottling of the telescopic field of view, so that, to quote 
Sir John’s own words, ‘ the idea of illusion has continually 
arisen subsequently.’ Now what the distance of these 
streams from us may be, we cannot say; nor is it important 
for my present purpose that we should be able to form any 
estimate on this point. It is sufficient to notice that this dis¬ 
tance—whatever it may be—must be looked upon as certainly 
not greater than the radius of the great disc formed by 
the sidereal system. Such a disc would have to be removed 
to a distance many times exceeding its own diameter before 
it would present the dimensions of the Andromeda nebula 
or of the largest globular clusters. Now if the outer parts 
of the sidereal disc, removed from us by only the radius of 
the disc, present so faint an appearance to us as has been 
described above, how inconceivable would be the faintness 
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nf Mm whole disc when removed to a distance exceeding its 
own diameter many hundreds of times. It would not only 
not he resolvable into discrete stars, bj any telescope yet 
constructed, but it would he absolutely invisible in a telescope 
exceeding' the Parsonstown reflector a hundred-fold in 

power. 

I do not lay any stress on the above reasoning, founded 
as it is on suppositions which I am not disposed to admit. 
But imperfect as it is, it forces us to accept one of two con¬ 
clusions, both of which are diametrically opposed to received’ 
opinions. We must either admit that the outer parts of our 
galaxy differ wholly in constitution from the parts which lie 
in our neighbourhood, or we must deny that the assumed 
external clusters bear the slightest resemblance to our own 
sidereal system, 

I turn, however, to the examination of the stellar and 
nebular systems on principles more closely according with 
observed appearances. - 

"We have seen that the elder Herschel was mistaken in 
supposing - that the system of nebulae forms a zone resembling 
the Milky Way, but nearly at light angles to its course. 
Had this been the case, a negative argument of some force 
might have been deduced in favour of the absolute indepen¬ 
dence of the stellar and nebular systems. For it is clear 
that if nebulae really form a system of island-universes, and 
our galaxy be but* a member of this system, it would be 
antecedently improbable that the apparent distribution of ' 
nebulas should exhibit any correspondence whatever with the 
apparent distribution of stars. To take a perfectly parallel 
case :•—The Sun is undoubtedly a member of the sidereal 
system, and we see that there is no correspondence, nor any 
approach to correspondence, between the position of the 
Milky Way (or the apparent, zone of stellar aggregation) 
and the position of that medial plane near which all the 
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members of tbe solar system are observed to travel. If there 
had been any correspondence of this sort, it must have been 
looked upon either as a very singular coincidence, or as 
evidence of some law of association into the nature of which 
astronomers would have set themselves to inquire. Now I 
can see no reason for anticipating that any association should 
exist between the position of a system of universes and the 
position of the galactic disc which is assumed to be a mem¬ 
ber of that system : nay, I can assert with absolute certainty 
(on the assumption implied) that no such association 
necessarily exists—since the spiral and elliptic nebulae, 
which, by the assumption, are members of that system of 
universes, exhibit every variety of position. Therefore, had 
there been any correspondence of the kind conceived—that 
is, had there been a zone of nebulas nearly coincident in 
position with the zone of the Milky Way—we should have 
had no other resource but to explain that correspondence as 
the effect of a very singular coincidence—unless we gave up 
the theory that the nebulae do, indeed, form a system of 
universes whereof the galaxy is but a member. 

Now I have been particular in dwelling on this point, 
because the discovery that Herschel had been mistaken as to the 
existence of a zone of nebulae brought with it a remarkable 
result. We have seen that the central region of the northern 
cluster of nebulae lies very near the pole of the Milky Way—so 
near, indeed, that the younger Herschel places this coinci¬ 
dence of position amongst the phenomena which any one 
who attempts to give a consistent theory of the nebular 
system must account for. We see, then, that there is a 
coincidence, not precisely of the kind contemplated in the 
preceding paragraph, but marked enough in its character. 
And we see also that Sir John Herschel—apparently without 
noticing the important conclusion to which his words tend— 
points out that we cannot reasonably ascribe this coincidence 
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a cylindrical system, very long in comparison with its thick¬ 
ness, so that from the neighbourhood of the Sun—placed 
somewhere near the axis of the system—very few stars could 
be seen in directions at right angles to that axis. And, 
if the zone were very distinct, as is the case with the 
zone free from nebulae, the former hypothesis would alone be 
available. 

It results, then, that if nebulae really belong to external 
space, they must form two systems, our own galaxy occupying 
a place between the two. Improbable as this conclusion 
appears, we cannot escape from it, nor from this further im¬ 
probability, that the sidereal disc should have a position 
almost exactly at right angles to the line joining the central 
parts of the two nebular systems— unless ive concede that 
the nebulae belong, for the most part, to our galactic system. 
Nor does there seem any comparison between the difficulties 
involved in the latter view and the utter improbability of 
either of the two former assumptions. 

But again, let us recall the results of the discussion re¬ 
specting the extinction of light. We saw that there is good 
reason for rejecting the theory that light suffers appreciable 
extinction within the limits of our galaxy. It will be well, 
however, before proceeding further, to notice that the theory 
thus rejected is not only not unfavourable to the views I am 
seeking to maintain, but leads directly to their establishment. 
For if we assume with Struve that the outer parts of the 
Milky Way are hidden from our view, even with Herschel’s 
eighteen-inch reflector, through the effects of extinction, 
then, d fortiori, all outer systems must be hidden from us, 
unless their component stars exceed the brightest members 
of our system many thousand-fold in splendour. We see, 
then, that the theory of extinction at once excludes all 
belief that the nebulse are external sidereal systems resembling 
or in any sense comparable with our own. 

a 
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Now if; bag been as,mmed, gomewbattoo hastily I think, 
that the only available explanation of the difficulties which 
induced St ruve to accept the theory of the extinction of light, 
lies in the supposition that the stars composing the sidereal 
system are much less densely strewn round its border*; than 
in the neighbourhood of the Sim. It appears to me that, 
although in all probability there is a gradual diminution in 
the density of stellar aggregation as the distance from- the 
centre of the galaxy increases, yet it is highly probable that 
the outer stars are inferior also in magnitude and splendour 1 
•—and perhaps in a much more marked degree. To me, 
indeed, the evidence in favour of such inferiority appears 
altogether irresistible. 

In the first place, let us consider the naked-eye aspect of 
the Via Lacteal Is it such as would be presented if the 
sidereal system really has the figure assigned to it by Sir Wm. 
Herschel? I am not here discussing' the first.assumption 
made by Herschel,—that there exists a certain approach - to 
•uniformity in the distribution of stars throughout the galaxy. 
He was the first to admit that this idea must be abandoned. 
But it appears to me that Herschel’s estimate of the irregu¬ 
larity of our galaxy fell far short of the reality.' The 
sidereal system must he looked upon as composed of streams 
and sprays and clusters of stars aggregated together without 
any as yet recognised laws. The appearance of the Milky Way 
to the naked eye strongly suggests a constitution of this sort. 
It is commonly asserted that the galaxy forms a continuous 
ring of light upon the heavens. But this is not the case. 

1 Sir John Hersclicl speaks of certain stars seen in parts of the galaxy as 
appearing small, ‘ not by reason of excessive distance, but of a real, inferiority 
in size or brightness.’ But ho is not here supporting the theory we have men¬ 
tioned above. I am speaking of the inferiority of the outer stars on the ave¬ 
rage. as compared with the average of stars near the centre of the galaxy; 
Herschel is speaking of the inferiority of certain members of the outer parts of 
the galaxy as compared with their neighbours. 
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Near Argo the main stream is divided, across one of its widest 
and most brilliant portions, by a dark rift of considerable 
extent. The narrower stream which runs side by side with a 
portion of the main stream of the Milky Way is also discon¬ 
tinuous ; again, the galaxy is marked in some places by 
lacunce and in others by sudden accessions of splendour— 
phenomena which appear inexplicable unless we assume an 
irregularity, not merely in the distribution of the stars, but 
in the form and structure of the sidereal disc. 

But this is not all. Even on the assumption of extreme 
irregularity, there still remain insurmountable objections to 
the supposition that the Milky Way has the figure of a disc. 
It will be remembered that there exists in the southern hemi¬ 
sphere, close by the Southern Cross, a strange, roughly cir¬ 
cular, or more correctly a pear-shaped vacancy, so con¬ 
spicuous that it has obtained among sailors the name of the 
Coalsack. It is very difficult to reconcile the existence of 
a gap of this figure with the imagined longitudinal exten¬ 
sion of the galactic system. And it is equally difficult to 
account for the phenomena described in the following passage 
of Herschel’s ‘ Astronomy ’:—From the neighbourhood of 
Eta Argus the Milky Way £ crosses the hind feet of the 
Centaur, forming a curious and sharply defined semicircular 
concavity of small radius, and enters the Cross by a very 
bright neck or isthmus of not more than three, or four degrees 
in breadth, being the narrowest portion of the Milky Way. 
After this it immediately expands into a broad and bright 
ma'ss.’ Still more remarkable and significant is the fact that 
the Coalsack lies ‘ in the midst of this bright mass.’ All 
these phenomena point to the conclusion that the Milky Way, 
in this neighbourhood at any rate, is really what it appears 
to be,—a belt or zone of stars, separated from us by a com¬ 
paratively starless interval. An irregular belt of this sort 
might present the varieties of form indicated above, and 
o 2 
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might be transpierced by an aperture of any figure; but it 
is utterly inconceivable that a disc-like space, irregularly 
occupied by streams and clusters of stars, should be so 
transpierced as to exhibit a circular vacancy to ah eye placed 
near its centre. , • 

In the conclusions just deduced I am in agreement with 
Sir John Herschel, who, indeed, says in one place that the 
galaxy, looked at according to a certain view, would ‘ come 
to he considered as a flat ring.’. But he nowhere adopts the 
consequences to which, as it seems to me, this view of the 
subject should have led him. In the interpretation of 
another phenomenon presented by the Milky Way I find myself 
wholly at issue with him. He says, ‘ We cannot without 
obvious improbability refuse to admit that the long lateral 
off-sets which at so, many places quit the main stream and 
run out to great distances, are either planes seen edgewise, 
or the convexities of curved surfaces viewed tangentially, 
rather than cylindrical or columnar excrescences bristling up 
obliquely from the general level.’ To me the obvious im¬ 
probability seems to lie altogether the other way. That one 
. plane or curved surface should happen to be seen edgewise, so 
as to resemble a long and narrow lateral off-set, is sufficiently 
unlikely ; that several should so appear is utterly improbable. 
The obvious improbability conceived by Herschel appears to 
be founded on the ‘ oblique bristling up ’ of cylindrical star- 
sprays. But the evidence v r e have already had of the ex¬ 
tremely irregular and heterogeneous conformation of the 
Milky Way is sufficient to remove any difficulty of this sort. 
Indeed, even among the stars in our immediate neighbour¬ 
hood there exist, as I have pointed out in the first essay of 
this series, decisive evidences of stream-formation. The star- 
streams visible to the naked eye are far too marked to be tlie 
result of chance-distribution; and I anticipate confidently 
that the examination of the proper motion of all the stars 
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composing any stream will suffice to show how intimately 
they are associated together. 

Now it might seem, at first sight, that the phenomena I 
have adduced in the preceding paragraphs afford no evidence 
in favour of the opinion that the more distant portions of 
the galaxy are composed of stars inferior in brilliancy to 
those which lie in the neighbourhood of the solar system. 
But there is another phenomenon which, when properly 
understood, seems to make this opinion the direct corollary 
of the views resulting from the former phenomena. 

It appears to me that, if we consider the enormous distance 
at which the Milky Way must lie beyond the lucid stars, on 
the hypothesis that it is .composed of orbs nearly equalling 
them in brilliancy, we cannot but contemplate with amaze¬ 
ment the singular correspondence which may be traced 
between the configuration of the Milky Way and the arrange¬ 
ment of the brilliant fixed stars in its neighbourhood. 
There is scarcely a part of the Milky Way in which there is 
not some evidence, more or less marked, of a much more 
intimate association between the lucid stars and the cluster¬ 
ing orbs which constitute the galaxy than could be reasonably 
looked for as the result of chance-distribution. Consider, for 
instance, that bright light-cloud which adorns the noble 
cross in Cygnus, and the equally marked galactic cluster¬ 
ing near Aquila: and note that this arrangement becomes 
the more significant when we remark that the two clusters 
lie on different streams of the Milky Way, which is double in 
this part of its course. Well worth noticing also is the con¬ 
formation of the galaxy where it traverses the festoon of 
Perseus. But in the southern hemisphere there is a much 
more marked agreement between the Via Lactea and the 
lucid orbs. It cannot be merely the result of accident 
that the double curve of bright stars which forms the body 
and tail of Scorpio should so closely follow a most compli- 
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cafced. portion of the Milky Way, that not one of those stars 
should fall on a part of the heavens free from milky light. . 
Nor can it be accidental that the numerous turns and wind¬ 
ings of the Milky Way from Antares to Sirius should seem in 
every case to be the result of attractive influences exerted by 
the leading stars in its neighbourhood, insomuch that there is 
not a single star of the first four magnitudes on any of the 
numerous lacunae which appear in this portion of the Milky 
Way. . 

If we accept the evidence afforded by this peculiarity, we 
must suppose that the streams of stars composing the Milky 
Way are very much nearer to us than they have been assumed 
to be, and therefore that they are composed of stars far 
inferior in brightness, and also much more closely compacted, 
than those in the neighbourhood of the solar system. 

The evidence afforded by the telescopic aspect of the 
galaxy strikingly confirms this conclusion. I shall mention 
two phenomena alone, as space will not permit me to deal 
with this part of my subject at any great length. The first 
is a peculiarity which is utterly inexplicable by the views 
ordinarily held—the fact, namely, that in several instances 
the Milky Way is observed to commence quite suddenly, so 
that one-half of the telescopic field of view will be occupied 
by nebulous light or by closely aggregated . stars, while 
the other will be perfectly black—the line of demarcation 
between the two portions being well defined. The second 
phenomenon to which I wish to call attention is yet more 
significant. In some Instances there is seen in the field of 
view a sharply defined projection from the Milky Way, the 
apex of the projection being occupied by a lucid star. That 
such an association should be looked on as accidental is 
exceedingly unlikely. 

Corresponding to the association between the Milky Way 
and lucid stars is a phenomenon which falls here to he 
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considered. The irregular nebulae are objects differing 
altogether in character from all other nebulae. They cover a 
far larger space on the celestial vault, even if we assume that 
their discovered dimensions afford any but the roughest 
indication of their real extent. In reality, however, since 
each increase of telescopic power increases the apparent 
dimensions of these objects, we probably fall far short of the 
truth in making such an assumption. Now as we have seen 
in the preceding paper these irregular nebulae are associated in 
the most singular manner with fixed stars in the same field of 
view. The wisps and sprays of nebulous light which stream 
from the central convolutions of such nebulae, correspond, quite 
closely in many instances, with streams of small fixed stars. 
In many of these nebulae, also, there are streams of faint 
nebulosity extending towards fixed stars, and acquiring a 
sudden brightness around them. Now it seems to me that 
we cannot without utter improbability consider such an 
arrangement as accidental. For instance, if the bright stars 
g and i Orionis were wholly disconnected with the great 
nebula in Orion, how enormous would be the antecedent 
improbability that these orbs should appear—as they do— 
involved in strong nebulosity, connected by streams of faint 
nebulosity with the great nebula. And even if we assumed 
this to be possibly due to the effects of chance-distribution, 
how should we explain the fact that similar phenomena are 
observed in the other irregular nebulas, and notably in that 
mysterious object which surrounds Eta Argus, the most 
remarkable variable in the heavens. 

Then, also, there is the significant fact that all the 
irregular nebulae fall on that very zone which is freest from 
ordinary nebulae . 1 And the only one which, though falling 
on this zone, does not actually fall on the Milky Way, is the 

1 There is a notable exception to this law in the singular nebula 30 Doradus, 
which occur» within the greater Magellanic Cloud. This exception is more sig- 
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Orion nebula. (See, however, Plate VI.) This last fact 
is even more significant than the general association of the 
irregular nebulae with the Milky Way. For it exhibits the 
brilliant array of stars in Cams Major and Orion, with which 
the Orion nebula is associated (and armind certain inenhers 
of i which it actually clings), as more intimately associated 
with the neighbouring stream of the Milky Way than the 
ordinarily accepted views would allow us to suppose. 

I pass over the association often observable between those 
remarkable objects the double nebulas and double stars, 
though the phenomenon is sufficiently significant. But 
there is one other well-established phenomenon which de¬ 
serves attentive consideration. Nebulas have been observed 
to vary in light, or even to disappear. Hind, d f Arrest, and 
Schmidt record many such instances. Are we to suppose that 
whole galaxies of suns have suffered iu this manner total or 
partial extinction ? Such a supposition is absolutely incre¬ 
dible. Nor can I look on the alternative that some opaque 
or semi-opaque substance has intervened between us and 
these objects as having any reasonable claim to acceptance. . 

The phenomena I have been discussing seem to point to 
conclusions very different from those which have been usually 
accepted respecting the visible universe. Instead of sepa¬ 
rating the stars and nebulas into distinct systems, or rather 
of looking on the stellar system as a member of the system of 
nebulae, we seem compelled to look on almost every object 


nificant, if possible, than the law itself, as will appear farther on. It is rather 
singular that Sir John Herschel should speak of 30 Doradus as ‘ unique civji 
in the system to which it belongs,' as if it differed yet more markedly from 
objects not belonging to the Nubeeuke, whereas, so far as one can judge from 
his own description and pictures, this nebula presents a striking resemblance 
(in its general character) to that which surrounds the star Bta Argils. In 
each there is a mass of irregular nebulosity surrounding a central condensation, 
within which is a well-defined opening free from nebulous light; and the 
brightest star within the confines of each nebula occurs on the brightest part 
of the nebula and close to the vacancy. 
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Way towards the Nubecuhe. The former argument presents 
no difficulty. It is, indeed, rather a confirmation of my 
views that they afford an easy explanation of what liad been 
held to be a scarcely explicable phenomenon., That the 
processes of aggregation in portions of space not falling. 
within the galactic annulus should, in certain regions, lead 
to the exhibition of forms seen within that region, can 
hardly be considered very wonderful. But, in connection 
with the second argument, there is a circumstance wliich 
deserves to be carefully attended to. Herschel dwells 
forcibly on the exceeding barrenness of the regions which 
surround the Nubecula?. ‘ The access to the Nubecula 
Minor on all sides is through a desert,’ he says, in one place; 
and among his notes on this district we find such, expressions 
as 4 a miserably poor and barren region,’ 4 a region of 
utter barrenness,’ and so on. Now, this peculiarity, so far 
from confirming Herschel’s opinion that the Nubecula? are 
disconnected with the sidereal system, is directly opposed to 
it. One can understand the phenomenon, if one looks on 
the Nubecula? as aggregations formed within regions of space 
belonging to the sidereal system—one would almost expect 
that the neighbourhood of such regions should be deficient 
in splendour —drained of stars, so to speak. But, if the 
Nubecula? were really distinct systems far beyond the 
sidereal system, there could be no reason for expecting that 
their neighbourhood should be more barren than other 
portions of the sky—still less that it should be oppressively 
barren. May we not go farther, and say that there is no 
way of accounting for so remarkable a phenomenon, save on 
some such hypothesis as I have presented ? 

But this is not all. It has been well remarked by Sir 
John Ilerschel, that the Nubecula? are so nearly circular as to 
render the assumption that they are otherwise than globular 
in figure utterly improbable. It follows, therefore, that the 
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farthest part of either globe is not much farther oif propor¬ 
tionately than the nearest part. Hence the Nubeculae show 
us that ‘ stars of the seventh and eighth magnitude and irre¬ 
solvable nebulae may coexist within limits of distance not 
differing more in proportion than as nine to ten.’ Surely 
this circumstance is of greater force than Sir John Herschel 
seems to assume. He says that ‘ it must inspire some degree 
of caution in accepting as certain ’ the views ordinarily held 
respecting stars and nebulae. To me the fact that stars and 
irresolvable nebulae appear intermixed in the Nubecula; seems 
to afford decisive evidence of the justice of the views which 
I have been induced to accept on other grounds. In the face 
of such evidence, the old theories respecting the universe 
seem to become wholly untenable. 

From the Student for February, March, and April 1869. 
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WHAT FILLS THE STAR-DEPTHS? 

Foe more than two centuries and a half astronomers have 
studied the depths of heaven with the telescope, piercing 
farther and yet farther into wondrous abysms of space, 
gathering clearer and yet clearer information as to the struc¬ 
ture of celestial objects, and accumulating an untold wealth 
of knowledge respecting the habitudes of the great system 
whereof our sun is a constituent orb. During all tliis process 
of research the great end and aim of astronomers has been 
to extend the range of their instrumental appliances, in order 
to analyse more scrutinisingly the features of each portion of 
the celestial depths. Now and then it has occurred to some 
among their number to endeavour to combine the results 
which have been gathered together with so much pains ; but 
these attempts have been almost lost sight of amidst the 
continual accumulation of fresh facts. The efforts made to 
arrange and systematise our knowledge have been altogether 
out of proportion with its extent. 

And very strangely, when any attempts are made to 
educe from the labours of observers their proper significance, 
to reap the harvest which is already ripe, or rather to grind 
the corn which is already in our garners, the cry is raised 
that such attempts are fit only for the theorists, that they 
argue a want of appreciation of the labours of observers, and 
that we have more to hope from fresh observations than from 
any process of mere reasoning. Surprising, indeed! that 
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those who say ‘ Let us use the observations already made’ 
should be accused of undervaluing observation ; and that 
those who can find no value or significance in past observa¬ 
tions should call so eagerly for fresh ones! 

I make these remarks because I am about to exhibit 
certain views respecting the habitudes of interstellar space, 
which have been formed from the study of the past labours 
of astronomers. I am fully sensible of the fact that to many 
I should seem better worthy of a hearing if I nightly timed 
my watch by the stars, if I had spent a few years of labour 
in attempting to divide well-known double stars with in¬ 
adequate telescopic power, or if I had in some other equally 
convincing manner exhibited my title to be regarded as a 
member of the now large array of amateur telescopists who 
work so hard and effect so little and suppose themselves to 
be practical astronomers. Let me not be misunderstood, 
however. It is only because I wish to see amateur telescopists 
engaged on more useful researches, because I wish to see 
them devote a little more consideration than they do now to 
the thought of advancing astronomy, that I speak slightingly 
of the modes in which at present they are for the most part 
wasting time. We want all their help, and more, to advance 
the interest of our well-loved science; all their telescopic 
appliances are too few for the work astronomers would like 
to see them doing. 

In studying the heavens, we have always this great diffi¬ 
culty, that we are looking at objects which lie in reality at 
very different distances, but which appear to lie on the con¬ 
cave surface of a vast spherical enclosure. It seems almost 
hopeless to attempt hy any processes of observation to obtain 
reliable estimates of the distances of all, save a very few, of 
the fixed stars. It is not going too far to say that we are 
tolerably certain of the distance of only one star in the 
heavens—the star Alpha Centauri. This being the case, and 
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the heavens spangled with millions of objects at. altogether 
unknown distances, we must look carefully round us for evi¬ 
dence of another kind than that derived from actual measure¬ 
ment, we must look for signs of association,' for definite laws 
of aggregation—if any such exist—and, if possible, we must 
apply that mode of inquiry from analogy which Sir William 
Hersehcl found in many instances so effective. 

And here, as I have, mentioned the name of this great 
astronomer, to whom we owe the first systematic survey of 
the heavens, and the first attempt to reduce the results of ob¬ 
servation into law and order, I wish, with extreme diffidence, 
to point to what I cannot but consider an error of judgment- 
in his selection of the principles which were to guide his 
survey of the heavens. It appears to me, that it would have 
been in all respects better had his first processes of stellar 
observation been directed to gauge the probability that this 
or that law of distribution prevails in the heavens, rather 
than to the application of a system of star-gauging, winch, if 
founded on a mistaken assumption was necessarily but a 
waste of labour. It would have been a misfortune if the un¬ 
equalled observing qualities of either the elder or the younger 
Herschel had been misapplied for a single hour; but the pos¬ 
sibility that the labours of both these astronomers should 
have been devoted year after year to a process which (if my 
views are just) was practically useless, is painful indeed to 
reflect upon. It is true that • the labours of the Herschels 
have been so numerous and so widely extended, that even the 
recognition of their star-gangings as of little real utility 
would leave the great mass of useful results credited to-them 
almost unaffected ; but it would remain none the less a mis¬ 
fortune that labours, which in the case, of other men would 
have worthily filled a lifetime, should have been misdirected. 

And yet, when one considers the matter apart from pre¬ 
conceived notions, how inconceivably small the chance 
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appears that those laws of distribution believed in by Sir 
William Herschel actually prevail within the sidereal depths. 
How amazing that to his clear perceptions the idea should 
ever have seemed probable that the celestial spaces are occu¬ 
pied only by orbs resembling our Sun ! For be it distinctly 
noted, that his belief in the existence of gaseous nebulae, and 
orbs in various stages of development, belongs to the later 
part of his career as an observer. Undoubtedly the whole 
system of star-gauging was founded upon the belief that the' 
sidereal system consists of stars, varying greatly perhaps in 
size, but still not so greatly but that the least of them would 
be visible in Herschel’s great telescope, as far as the very 
limits of the sidereal system, and that these stars are distri¬ 
buted with a certain general uniformity throughout space. 

It is well to observe how fatally any error in this funda¬ 
mental hypothesis affects the significance of any system of 
star-gauging. We turn a telescope in a given direction, and 
we see, perhaps, but four or five faint stars. According to 
the Herschelian hypothesis, the limits of the sidereal system are 
near to us in that direction, because the stars seen are so few ; 
and these stars being necessarily within those limits, and 
faint, belong probably to the lower orders of real magnitude. 
But what if that hypothesis be erroneous—if there may exist 
in this or that direction vast blank spaces a thousandfold 
larger, perhaps, than the whole sphere of the visible stars in 
extent ? Then, perchance, these four or five faint stars may 
lie farther from us than the farthest belonging to some of the 
richer star-fields ; they may form a group of orbs which in¬ 
dividually surpass Sirius or Canopus in magnificence, and are 
separated from each other by distances exceeding many 
thousandfold those which separate our Sun from neighbouring 
luminaries. But yet again, suppose that in any direction our 
telescope reveal crowded star-fields, orbs of all orders of ap¬ 
parent brightness, ‘ strewn as by handfuls, and both hands 
H 
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■full,’ and each increase of power adding, fresh riches'to the 
display. According to the Herscbclian hypothesis, there, is 
but one explanation of these wonders; we-are looking into a 
widely extended part of the sidereal system, and those differ¬ 
ent orders of stars lie at different orders of distance—the 
farthest at distances so enormous that we cannot attain, to 
them. But in what a different light we must regard the 
scene if we remember the possibility that that- wondrous 
wealth of stellar display need by no moans argue enormous 
extension! All those spariding orbs may he gathered into 
one region of space, their various orders of apparent lustre 
arguing- various orders of real magnitude. Instead of 
looking into star-lit paths, which extend linearly from the 
eye far out into space beyond the ordinary limits of distance 
separating from us the outer hounds of the sidereal system, 
we may in fact be contemplating a wondrously variegated 
star-group. . ■ 

But the conclusions we are to form, must be founded not 
on the consideration of what, may be, but on our observation 
of what is. There is abundant evidence for forming- probable 
views respecting the general laws prevailing. within the 
sidereal system,—at any rate for deciding whether‘it Is more 
probable there is or not any general uniformity of distribu¬ 
tion within its limits. 

One direct consequence of the laws of probability lias been 
very much lost sight of in dealing with the subject we are* 
now engaged upon. It lias been urged that where so many 
stars are spread over the heavens, at so many various dis¬ 
tances, we ought not to he surprised if very great varieties 
of distribution should be observed, nor conclude, therefore, 
that the general uniformity predicated by Sir William Her- 
schel may not prevail as respects distribution in space. It has 
been forgotten that the vastness of the numbers in question 
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should tend to a uniformity of apparent distribution, instead 
of the reverse. 

I had been led myself to overlook this consideration, 
obvious as it is, until it was impressed upon me in a very 
striking manner during a somewhat novel process of research. 

I wished to determine what peculiarities of distribution 
might be expected to appear among a number of points 
spread over a plane surface perfectly at random. It is clear 
that this is a preliminary consideration very necessary for the 
purpose of determining whether the laws of distribution seen 
among the stars are accidental or not. Now, the problem 
of determining by purely mathematical considerations what 
peculiarities would probably appear in a chance distribution 
of any given number of points, is one which may be re¬ 
garded as altogether too difficult for solution. Very simple 
problems of probability have been found perplexing, insomuch 
that two eminent mathematicians of the last century are said 
to have disputed over the question whether the chance of 
tossing one ‘ head ’ and one ‘ tail ’ in two throws of a coin were 
one-half or one-third . 1 But problems concerning the chance 
distribution of points are specially difficult, as any one will 
find who tries a few apparently simple ones . 2 Therefore, I 
sought to solve this particularly complex problem in a 
practical manner, by simply spreading a number of points 
at random, and examining the result. But how to distribute 

1 The erroneous reasoning hy which the answer is made to be one-third 
seldom fails to puzzle the uninitiated. ‘ There are,’ said D’Alembert, • three 
possible events : either two heads must be thrown, or two tails, or head and 
tail; of these three possible events, only one is favourable. The chance of 
that event is, therefore, precisely the same as the chance of drawing one parti¬ 
cular ball out of a bag containing three—that is, it is one-third.’ 

2 For instance, here are two: (1.) On a square surface of given size (say 
one square foot) two points are marked in at random ; what is the chance that 
they will be within a given distance (say one inch) of each other? (2.) Three 
bullets strike a<circular target three feet in diameter; what is the chance that 
the lines joining the three points where the target is struck will include a 
triangle less than one square foot in area ? 
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points perfectly at random ? It seems very easy, hut is not so 
by any means. Suppose we take a handful of grains, and 
throw them upon a table. , Will they then be strewn without 
law or order? Very far from it; The fact that they have 
all come from the same hand will lead ,to very obvious effects, 
taking away altogether from the desired random character of 
the distribution. Then again, suppose we were to distribute 
grains over a table from a sieve as large in extent as the 
table, and uniformly filled. In this ease the grains would he 
distributed with a uniformity not appertaining to chance 
distribution. And so of a number of other, contrivances . 
which may be thought of; in every case of mechanical dis¬ 
tribution, we always find either an enforced inequality or an 
enforced equality of distribution, not that really random 
distribution which we require. 

The plan I actually adopted, if laborious, was at least satis¬ 
factory in this respect. I took a table of logarithms ( any 
other book full of tabulated figures would have done equally 
well), and, opening the book at random, brought down the 
point of a pencil upon the page of figures. The numeral 
on which, or nearest to which, the point fell, I entered in a 
book. In this way I took out several thousand figures, 
following each other in altogether random sequence. Then, 
having divided two adjacent sides of a square into 100. equal 
parts, I drew parallels to the sides, through the promts of 
division, thus dividing the square into 10,000 small squares. 
Now suppose the first four figures in my list to have been 
73 | 24. I took the seventy-third parallel measured from 
one side, and the twenty-fourth measured from the adjacent 
side of the square, and at the point where these lines intersected - 
I placed a black dot. I treated the next four numerals in 
the same way; and so on until I bad exhausted the series. 

I thus had upwards of 1,000 dots distributed perfectly at 
random over the square. 
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Now, as I went on marking in the dots, I found that at 
first groups and streams might very well be imagined to 
exist among the dots. But as the process continued these 
groups and streams were obliterated (so to speak), until at 
length, when all the dots were marked in, it required a very 
fanciful imagination indeed to conceive that any signs of 
special laws of distribution existed among them. I was thus 
reminded of the great law of probability, that the mere 
numerical increase of trials ensures a steady increase in the 
uniformity of the results. For example, if one tosses a coin 
a few times, there will often result a very remarkable pre¬ 
ponderance of ‘ heads ’ or ‘ tails ; ’ but when one continues 
tossing the coin a great number of times, the ratio between 
the number of ‘ heads ’ and ‘ tails ’ approaches more and more 
nearly to equality. And, applying this law to the case under 
consideration, it follows that if a very large square sheet were 
divided into an indefinitely large number of small squares, 
and an indefinitely large number of perfectly equal dots 
were marked in according to my plan, or according to any 
plan securing a perfectly random distribution, 1 an accurate 
miniature of that sheet (taken by photography, suppose) would 
be found as uniformly tinted by these chance-distributed 
dots as by any mechanical process of uniform dotting. 

Therefore, supposing that any general approach to uni¬ 
formity of distribution exists among the stars, we ought to 

1 One of the most interesting results of any such process as that above 
described, is the striking evidence afforded of the fact that any circumstance 
affecting the random character of the distribution is sure to tell when many 
trials are made. I was led to inquire whether in my list of numerals any 
special number seemed unduly to preponderate. I found that the number 
8 appeared oftener than the rest, and that to an extent which I could not 
ascribe to mere accident; 1 and 7, on the other hand, appeared, less fre¬ 
quently than the rest. The reason is obvious: the figure 8 covers more 
space, 1 and 7 less space, than any other figures; so that when the point of 
the pencil fell between an 8 and one of thes.) figures, the chances were more 
favourable to the 8 being selected as the figure nearest to which the point 
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find all Kigns of special arrangement - disappearing as we 
extend the range of our researches. We cannot then possibly 
explain the peculiarities actually observed as, due to fHe 
enormous number of stars and the resulting probability that 
remarkable arrangements might accordingly be looked for. 
The exact reverse is the case. 

Now T conceive that so soon as we pass the third or fourth 
orders of star magnitude, we reach orders large enough, 
numerically, to supply the information, clear of the effects 
of mere accident, which we actually need in this instance. 
Among tlie stars down to the fifth magnitude, there is surely 
a sufficient number to enable us to begin to reason, with 
some degree of confidence, as to the constitution of stellar 
space. Therefore when, in 1866, I was constructing my 
gnomonic maps of the heavens, in -which stars of these orders 
are included, 1 was disposed to regard tbe -signs I met with' 
of special laws of distribution as significant, of real laws; 
and accordingly I put forward, in that year, the theory that 
the stars are aggregated into streams and clustering aggre¬ 
gations. with relatively bare spaces all round them. . And, 
furthermore, it seemed to me, even at that stage of the 
inquiry into the habitudes of stellar space, that the Milky 
Way probably consists of relatively minute stars, and not, as 
had been supposed, of stars generally comparable with our 
Sun, and forming a system extending to enormous distances 
on all sides of us; while I was led to regard the nebula? as 
belonging to the sidereal system, and not as external galaxies 
resembling that system. 

But recently I have had occasion to apply processes of 
mapping to stars down to the sixth magnitude, or, in all, to 
foni- times as many stars as before. And clearly one cannot 
regard signs of arrangement among so many as 6,000 stars, 
as being due to accident. The largeness of the number 
altogether precludes the possibility of this being the case. 
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When, therefore, it appears that among stars of the first 
six magnitudes there are signs of special laws of aggrega¬ 
tion, we are bound to accept as legitimately following from 
the evidence, the conclusion that real laws of aggregation 
exist among the stars. We may not be able to tell what 
these laws are—we may mistake a number of separate 
clusters for a stream of stars, or the nearer end of a stream 
for the farther end, and so on; but the broad fact remains 
that the stars are gathered into some regions and withdrawn 
from others,- and, further, that within the same region of 
space stars of very different orders are, in many instances, 
gathered together. 

The general results of a systematic survey of the stars of 
the first six magnitudes seem certainly to force upon us 
such conclusions. They are as follows :— 

1. The southern hemisphere contains more stars of the 
orders considered than the northern, in the proportion of 
about seven to five. 

2. The stars of these orders are gathered into two 
definite regions—-a northern and a southern—so markedly, 
that the distribution of stars within these regions is richer 
than the distribution over the rest of the heavens, in the pro¬ 
portion of about five to two. 

3. The stars of these orders are associated in the most 
intimate manner with the Milky Way, insomuch that when 
the Milky Way is included with the two rich regions above 
named, it appears that stars in the single division thus 
formed are distributed about three times as richly as over 
the remaining portion of the heavens. 

These results cannot be regarded as due to mere chance- 
distribution, unless we are to forget all the rules which the 
science of probabilities lays down for our guidance in such 
cases. 1 And if once we admit that they result from real 

1 The effect of numbers in diminishing the probability of such signs ol law 
rosulting from mere elmnee-distribution, must here again be insisted upon. It 
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laws of aggregation, our estimate of the nature of the sidereal 
system is wholly altered. We see at once that we are hot 
dealing with a system that can be gauged; for if within the 
limits of naked-eye vision there exist these aggregations and 
these lacunw, we may be full sure that throughout the 
sidereal system jtjhey exist also; and what confidence can.we 
have in any system of gauging applied to depths,so diversely 
occupied ? Our sounding-line may light on a rich stream 
or clustering aggregation of stars, or it may pass. through 
relatively vacant spaces, yet we can by no means conclude 
from the richness of the one region or the poverty of the 
other, that the line reaches the limits of the sidereal scheme 
either very far off or relative^ very near. 

Again, regarding either of the rich regions referred to 
above as consisting wholly or in part of a definite aggre¬ 
gation of stars happening to lie relatively near to )is, is it 
not abundantly evident that other such aggregations at. 
different orders of distance would exhibit many of the features 
which we see in the nebulae, and have been in 'the habit of 
associating with regions lying beyond the sidereal system ? 
Or—to arrive at a similar conclusion from different evidence 
—if the Milky Way be really, as it seems (from the third of 
the above results), a stream of stars of many different orders, 
with an enormous preponderance of relatively small stars, is 
it not abundantly evident that, supposing, any portion of this 
stream removed to a greater distance, the fainter regions 

is most important to notice how it hears upon the conclusions >we are to form. 
Here is a simple illustration of the law of probabilities in question.—Suppose 
we. toss a coin 4, 8, 12, and 16 times, and inquire what is the chance, that in the 
several cases either heads or tails will preponderate in the proportion of S to 1. 
Now the, exact mathematical solution of this problem shows that when 4 trials 
take place, the chance is §, or more than £; when 8, the chance is or less 
than |; when 12, the chance is , or little more than Ai while when 16 
trials take place, the chance is reducod to or less than The chance 
would become indefinitely small if, instead of 16, we took several thousand 
trials. 
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would vanish first, and that the brighter regions would 
appear as small discrete patches of nebulous light,—or, in fact, 
as naked- eye nebulas ? Now, conceiving the stream yet farther 
■removed, until even these patches become telescopic objects, 
would they not in all respects resemble the stellar but irre¬ 
solvable nebulae ? ^ 

Thus it appears to me that we have not only no grounds 
for believing that the nebula; are external galaxies, but 
tolerably distinct evidence that the stellar nebulae are distant 
aggregations of stars of many orders of magnitude. Such 
aggregations may also themselves present, and doubtless they 
do present, all orders of magnitude, precisely as within the 
two rich stellar regions above referred to we find every con¬ 
ceivable variety of aggregation, and precisely also as within 
the Milky Way we find, on the one hand, bright regions as 
extensive as that which lies in the constellation Cygnus, and, 
on the other hand, regions as limited as the double cluster in 
Perseus. 

Have we, on the other hand, any satisfactory reasons for 
regarding the nebulae as external galaxies ? Tracing back 
the course of that process of discussion which has led to the 
nebulae being commonly so regarded, can we indicate any one 
argument which may be looked upon as definitely pointing 
to such a conclusion ? I know not of one. I have carefully 
studied the writings of Sir William Herschel, and I venture 
to assert, without fear of valid contradiction, that every 
single consideration adduced in favour of the nebulae being 
external galaxies has been founded on the assumption that 
the sidereal system is continuous—that is, on an assumption 
which Sir William Herschel himself was the first to throw 
doubt upon. 

But the evidence derivable even from Sir William 
Herschel’s own writings goes farther than this. He not only 
formed views respecting the sidereal system diametrically 
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opposed to those which he had entertained when his concep¬ 
tions respecting the stellar nebulas were put forward, but he 
arrived, by his careful study of the nebular system, at a con¬ 
clusion which, rightly interpreted, brings the nebul® into 
close association with the sidereal system. For, noticing the 
aggregation of nebulae at the northern region, which lies 
farthest from the Milky Way, - he confidently expressed his 
belief that any sound theory of the universe must account for 
that peculiar relation. In other words, no "theory of the 
universe can be regarded as sound which treats that relation 
as accidental. So that Sir William Hexschel himself re¬ 
garded the nebular system in a light which in effect associates, 
it in a real manner with the sidereal system. 

In fact, and in conclusion, that great astronomer was not 
bound, as so many of bis modern followers have been, by bis 
own earlier theories. As his researches continued, his views 
gradually changed. The process of change went on 'during' 
the whole course of his career as an observer. He advanced 
steadily from .truth to truth, and when at length the close of 
his labours approached, he looked onwards, not backwards. 
He would have been the last to desire that .astronomers 
should take even his latest and best theories as including all 
that they could desire or hope to know; but it would hare 
been even more painful to him to imagine that the views he 
held, when as yet his labours were but beginning, should be 
adopted by future astronomers in preference to those which 
were the fruits of his ripened experience. 

from the Popular Science Review for July 1870. 
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Of all the discoveries effected by Sir W. Herschel, none gave 
greater evidence of liis skill in dealing with observed facts 
than his discovery that the solar system is sweeping onwards 
with enormous velocity through intersidereal space. The 
problem had been attacked a year or two before by an 
eminent German astronomer without success. Mayer had, 
indeed, announced definitively that the stellar motions afford 
no evidence to countenance the view that our sun is speed¬ 
ing through space. No other evidence lay before Herschel 
than Mayer had possessed, nor was there any flaw in Mayers 
mode of reasoning. Undoubtedly the full evidence which 
Herschel had to deal with was unfavourable to the idea of 
solar motion. But no one knew better than Sir William 
Herschel that in questions of this sort old Hesiod’s proverb 
is applicable, that ‘ Half is often more than the whole.’ 
By throwing aside half the evidence, though that evidence 
already seemed sufficiently meagre, he deduced a result 
which all the exact and recondite processes of recent inquiry 
have scarcely been able to improve upon. He pointed to a 
'certain region among the stars as that towards which our Sun 
is travelling, and around that region all the best determina¬ 
tions of modern times have ranged themselves. In Plates 
IX. and X. I have laid down all the points which Madler, 
and Airy, and Argelander, and Struve have successively in- 
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dicated as the apex of the Sun’s path in space. These points 
cover a region of the heavens some twenty degrees in length'- 
and some ten degrees in width ; but. the last and best deter¬ 
mination, the result of a new process invented by the 
Astronomer Royal, and applied (under the able superinten- 
denee of Mr. Dunkin, of the Greenwich Observatory) to 
no less than 1,167 stars, lies within three degrees of the 
spot which Hersehel pointed to nearly a century ago. 

It is easy to recognise the justice of the principle on 
which Sir William Hersehel proceeded; and the subject is so 
intimately associated with that which I am about to discuss, 
that a brief sketch of his mode of dealing with the solar 
motion will not be out of place here. 

The only evidence we can. hare respecting the move¬ 
ments of the Sun is that to he derived from the apparent 
motions of the objects which surround him. There is no 
irregularity in his stately progress through space to impress 
upon us who move with him the fact that he is not at rest. 
But the stars which lie on all sides around Ms path, must be 
affected with apparent motions unless they travel with him, 
not only in the same direction, but at equal speed. To the 
unaided eye no signs of stellar motion are apparent. There 
are not, indeed, ten stars in the heavens whose motion in a 
thousand years would cover an arc that the naked eye could 
estimate. But the skilfully constructed instruments in use 
in modern observatories enable the astronomer to measure 
even the seemingly evanescent movements of the so-called 
fixed stars. In ten years, or in twenty, no change of position 
may be apparent; but when the observations of our day come 
to be compared with those which were made a hundred years 
ago, the traces of stellar motion become in many instances 
unmistakeable. 

But here one. point is to be noticed. A star's change of 
place, even in long intervals of time, is often so minute that 
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instrumental errors may mask it. Instrumental errors may 
do worse, however : they may unduly magnify the star’s 
proper motion, or seem to give proper motion to a star which 
in reality has none. An illustration will serve to give the 
reader some idea of the delicacy of observation required for 
the determination of stellar movements. Every one knows 
the seven bright stars of the Great Bear. They form a 
group called by some the Butcher’s Cleaver, by others 
Charles’s Wain. Now, if any one looks carefully at the 
middle star of the bear’s tail, he will notice very close to it a 
tiny star. 1 The distance separating the bright star from its 
companion seems very small indeed; yet a star would be 
thought to have an unusually large proper motion which 
should traverse in a hundred years one-tenth of this tiny 
space. 

The result of this is, that the less perfect our observations 
are, the larger do the stellar motions appear to be. A care¬ 
less observation at one or other end of the long interval of 
time made use of, will cause a star to simulate a proper 
motion altogether disproportionate to its real movement on 
the celestial sphere. I am not theorising, be it understood, 
on this point. The fact has been well established. I think 
it was Argelander who remarked that the best proof of the 
value of a new catalogue of stars is the extent to which it 
reduces former estimates of the stellar proper motions. I 
have a proof of this immediately at my hand. I open the 
pages of the celebrated ‘ Star Catalogue of the British 
Association,’ and, running my eye down a column of proper 
motions, I select the ten largest. I find that out of the ten 
stars thus conspicuous for large proper motions, no less than 
seven belong to the southern heavens, or, in other words, to 

1 The Arabs called this star ‘the rider,’ and the power of discerning it was 
among them a recognised test of sharpness of vision ; but now it is very easily 
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the part of the celestial sphere which has been least ca refully 
surveyed. The- inference is obvious. • 

Now, Sir William Herschel felt that if he made use of 
assigned proper motions which were in reality due to care¬ 
lessness of observation, the result would he vitiated. He saw 
that to multiply the number of stars he considered was to 
multiply the chances of an erroneous determination. Nay, 
if the proper motions of ten stars could be trusted, and 
a hundred doubtful proper motions wore dealt with at 
the same time, it was all but certain • that no satisfactory 
result could be obtained. Mayer’s failure served to prove 
this. 

What Herschel did then was to select only those proper 
motions which by their exceptional magnitude were safe 
from the influence of observational errors. To a few of these 
he trusted, paying no attention whatever to doubtful proper 
motions. The result was that he succeeded where Mayer, 
after much more labour, had signally failed. Like a master- 
bowman Herschel seemed to aim carelessly at the mark, yet 
struck it fair and full. 

But even as Herschel saw the great truth he sought to' 
establish shining clearly forth from amidst the gloom in 
which it had hitherto been enshrouded, he became conscious, 
of other great truths which stood beside it. With two of 
these we are now principally concerned ; and though as yet 
science has done little to present either of them in their just 
proportions, yet we know enough already to believe that they 
•will hold a noble place in the science of future ages. 

Our Sun, sweeping ever onwards through space, tells us 
of a great law of motion to which his fellow-suns also must 
be subject. He is but one among many, when viewed in 
relation to the galactic system. Nay, it is doubtful even 
whether among the suns which shine upon us from beyond 
the vast, domain over which our own Sun bears sway, there • 
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be not many which as far surpass him in magnitude as the 
giant members of the solar scheme—Uranus and Neptune, 
Saturn and Jupiter—surpass our tiny Earth and its fellows 
among the minor planets. Nor is there aught in the Sun’s 
position to lead us to ascribe to him alone swift motion 
throughout space. That, as we view the galaxy, he seems 
to occupy a central position is true enough ; but it is con¬ 
ceivable, if not certain, that there is not a single sun among 
all the stars which deck our skies, from which the same sort 
of scene is not visible as that which is presented to the in¬ 
habitants of our Earth. 

And this is not all. The very evidence Sir William 
Herschel had made use of proved that our Sun is not the sole 
moving star of the galaxy. Had he been able, by assigning 
a certain direction to the Sun’s motion, to have accounted for 
the motions of all the stars his processes dealt with, he might 
then indeed have inferred the possibility that those stars at 
least are at rest. But this was not the case. The direction 
he assigned to the Sun’s motion was that which accounted 
best for the stars’ motions, not that which explained them 
fully. The balance of motion which remained unaccounted 
for could be explained only by supposing that the stars 
Herschel had considered were themselves sweeping rapidly 
through space. This view was directly involved in the 
statements Sir William Herschel laid before the scientific 
world. 

This was one of the great truths associated with 
Herschel’s noble researches; and it is the one with which 
we are here most immediately concerned. But there was 
another which must be considered before we proceed to ex¬ 
amine the evidence we have respecting the nature of the 
stars’ proper motion, and particularly the evidence which 
justifies my description of the sidereal movements as star- 
drift. 
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If the Sun is moving now in a definite direction, it can 
by no means be inferred that this motion will always continue 
to be directed towards the same region of space. All the 
analogies which surround us teach us to, believe rather that 
his path is of the nature of a gigantic curve re-entering into 
itself mayhap like the planetary orbits,’ or possibly of a 
complex figure, resembling the paths of those comets which 
belong indeed to the solar scheme, but are swayed continually 
into new orbits by the attractions of the larger' planets. 
Whichever of these views- is correct, it is certain that the 
part of his path which the Sun is at present describing, must 
be looked upon as a portion of a gigantic circle. For, no 
matter what the figure of an orbit may be, any small portion 
of the curve may always be regarded as belonging to some 
definite circle. And astronomers have set themselves to in¬ 
quire into the nature of the vast circle on whieb,for present 
purposes, we are to regafd the Sun as travelling. 

The ingenious German astronomer Madler, by a process 
of inquiry into which I need not here enter, has been led to 
regard the star Alcyone, the 4 brilliant ’ of the Pleiades, as 
the true centre of the Sun’s motion. Without pretending 
to render the principle of his researches perfectly obvious to 
the general reader, I may yet briefly state how he has deduced 
a conclusion of so much importance. - ■ 

He argues that if the galaxy has a centre within the 
range of the visible stars, a certain peculiarity must mark 
the motions of the stars which lie nearer to the centre than 
our Sun does. As has been - already mentioned, the iieigh-. 
born-hood of the centre of a stellar system is a scene of com¬ 
parative rest. In the solar system we see the planets 
travelling faster and faster, the nearer they are to the great 
ruling centre of the scheme ; and the reason is very obvious. 
The nearer a body is to a great centre of attraction like the 
Sun, the greater is the attraction to which it is subject, 
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and the more rapid must its motion be to enable it to main¬ 
tain itself, so to speak, against the increased attraction ; but 
in a vast scheme of stars tolerably uniform in magnitude 
and distribution, the outside of the scheme is the region of 
greatest attraction, for there the mass of all the stars is opera¬ 
tive in one general direction. As we leave the outskirts of 
the scheme, the attraction towards the centre becomes 
counterbalanced by attractions towards the circumference; 
and at the centre itself there is a perfect balance of force, so 
that a body placed there would remain in absolute rest. It is 
clear, then, that the nearer a body is to the centre, the more 
slowly it will move. This being so, all stars which lie 
nearer than the Sun to the centre must move more slowly 
than the Sun; and therefore, whatever the direction of their 
motion, they must lag behind as seen from the Sun! 

So that if we can detect, in any part of the heavens, a 
community of motion, in a direction opposite to that of the 
Sun’s motion, we may take it for granted (on the assump¬ 
tions involved in Madler’s argument) that the centre of the 
sidereal scheme lies in that part of the heavens. 

Now Madler noticed that, in the constellation Taurus, 
there is such a community of motion as he had described; 
and carefully estimating the amount of motion observed 
among the stars of different orders of magnitude, he thought 
he saw reason for assigning to Alcyone a condition of abso¬ 
lute rest. 

Here then, if his assumptions were correct, we were to 
recognise the central orb of the sidereal scheme; not indeed, 
the central orb in the sense which our Sun is the central 
orb of the solar scheme; not a globe which, by its magni¬ 
tude, could be held to sway the motions of all the stars which 
lie around it. Alcyone, according to Madler’s theory, is 
simply the star which occupies the centre of the sidereal 
scheme, but without rule or governance over its fellow-stars. 
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These speculations of Mailer’s form, I believe, the sole 
attempt which has yet been made to co-ordinate the motions 
of the stars into one systematic whole. They have not been 
looked upon as successful, nor has the consideration of the 
subject led astronomers to believe that the problem Miidler 
attacked is one which can he mastered in the present state 
of our knowledge. 

The objections which have been urged against Madiera 
speculations are too numerous and important to be over¬ 
looked. In the first place, his assumption that there is a 
central orb within the range of the visible stars, is one which 
is at present wholly inadmissible. There is nothing in the 
appearance of the heavens to lead us to suppose that the 
centre of the sidereal scheme is in our neighbourhood (so to 
speak). Eather we should he led, as the celebrated G-erman 
astronomer, Struve, long since pointed out, to regard the 
distance which separates the Sun from the faintest of the 
lucid stars as altogether evanescent in comparison with the 
Sun’s displacement from the centre of the galaxy. Again* 
Madler’s mode of treating the question involved the supposi¬ 
tion that all the stars travel in almost circular paths around 
the centre of the sidereal scheme, since any great eccentricity 
in their orbital motion would involve a total change in the 
character of their motion at definite distances from the 
centre. Then he assumed a knowledge, on our part, of the 
distances of stars of different degrees of brightness, which 
was altogether more exact than any we can really pretend 
to possess. These and other considerations have led all the 
most eminent of our modern astronomers- to look upon 
Madler’s hypothesis as one which, in the present state of our 
knowledge, we have no right to look upon with favour. 

To these arguments I am able to add another which has 
hitherto, I believe, escaped notice—the fact, namely, that - 
the community of motion -which Madier noticed in Taurus, 
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and which he supposed to he exceptional, is in reality a 
feature commonly to be met with among the stars,' and is, in 
fact, simply an illustration of that peculiarity which I have 
ventured to designate by the name of ‘ star-drift.’ 

Let us return, however, to the stellar motions which the 
searching eye of Sir William Herschel had detected at an 
early stage of the inquiry. 

As the apparent motions of the stars were examined with 
greater and greater care, it became more and more evident 
that every star is rushing swiftly through space; for, although 
every fresh determination of the nature of the Sun’s motion 
showed a general agreement with Herschel’s result, yet there 
was a sufficient divergence to prove that some causes other 
than variations in the method of calculation are at work in 
causing the discordance. 

But it is only in comparatively recent times that it 
has been shown demonstratively, how largely the apparent 
motions of the stars are due to the real movements of these 
bodies in space. The Astronomer Royal commenced, in 
1859, a process of inquiry which was at once more rigid and 
more complete than any which had hitherto been applied to 
the subject. The principle of the new mode of inquiry was 
remarkably simple. Mr. Airy argued that, if we are to 
obtain a really conclusive answer to the great question of the 
Sun’s motion in space, we must remember that the stellar 
motions, though apparently taking place upon the celestial 
sphere, have really no relation at all to that imaginary 
surface. We must look upon them, he said, as taking place 
in reality in space, and apply to them the mathematical 
processes which result from that consideration. It need 
hardlybe said, that, as we know nothing of the motions of recess 
or approach which stars may have—though the spectroscope, 
in the able hands of Dr. Huggins, promises soon to remove 
that defect in our knowledge—the whole question becomes 
i ‘X 
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one of probabilities. But we can deal mathematically with 
probabilities of this sort, and thug deduce from a number of 
observed relations, whose actual significance is uncertain, the 
result which is mathematically the most probable. This 
was the problem which Airy solved, aud it cannot be doubted 
that the solution of a problem so complex and perplexing is 
one of the most useful results which modern .astronomy, 
has achieved. :., . 

With the solution of this problem, however, came several 
unlooked-for difficulties. 

The point towards whieh the Sun was found to he 
moving, accorded most satisfactorily with the results which 
had been obtained by other methods. The rate assigned to 
the solar motion was also in close accordance with that which 
the younger Struve had obtained by a different process.- I 
may mention in passing what this rate is, because it is 
important that we should have clear notions respecting the 
amount of motion which we may look for among the 
members of the sidereal system. It appears, then, from the 
researches of Otto Struve on the one part, and those of the 
Astronomer Royal and Mr. Dunkin on the other, that the Sun 
is moving at the rate of about a hundred and fifty millions of 
miles per annum. Although this velocity seems enormous, 
it is in reality smaller than the velocities we notice in many 
parts of the solar system. Our own Earth moves more than 
three times as fast in her orbit, as the Sun on his path 
through space. Indeed, the diameter of the Earth’s orbit is 
thirty millions of miles greater than the distance annually 
traversed by the Sim. 1 

1 The peculiarity of the Earth’s real motion in- space, when her orbital 
motion is combined with the Sun’s progressive motion, has proved a source of 
strange difficulty to many persons, ever since Sir William Herschel announced 
his solution of the problem of the Sun's motion. Although Newton had pro¬ 
vided for the possibility of the Sim’s motion, many imagine that the.Newcoman 
theory of gravitation, and even the Copernican theory are endangered by the 
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So far the results of the Astronomer Royal’s researches 
were in close accordance with the views already entertained 
by astronomers. But in the progress of the inquiry certain 
processes had been performed upon the tabulated proper 
motions of the stars which rendered it easy to apply an inte¬ 
resting test to the theory of the Sun’s motion, or rather to 
the power which that theory may have of accounting for the 
stellar motions. It was possible in fact to apply the effect 
due to the Sun’s motion in space, as a correction to the 
stellar movements. It seemed clear that if this were done, 
the result should be that the total amount of apparent 
motion would be largely diminished. If a person is moving 
rapidly amidst a crowd of moving persons, the appearance of 
movement in the crowd is in general much more striking 
than it becomes when he stands still; and what the Astro¬ 
nomer Royal was really doing—or rather what he was 
theoretically doing—was to make the stars’ motions such as 
they would be if the Sun were suddenly reduced to rest. 

But the result of these processes was not that which the 
Astronomer Royal had looked for. The stellar apparent 
motions, instead of being considerably reduced by the 
change, remained very nearly as large as they were before. 

Speaking of thi3 result nearly a year after the Astro¬ 
nomer Royal’s labour had been published, Mr. Main, then 
President of the Royal Astronomical Society, remarked that 
‘ the inevitable logical inference deducible from Mr. Airy’s 
researches, is that the whole question of solar motion in 
space, so far, at least, as accounting for the proper motions 

complexities thus introduced into the solar system. It need hardly he said 
that the question of, the path actually pursued by the Earth in space is merely 
one of curiosity, the orbital motions of the Earth being absolutely unaffected 
by the progressive motion which she shares with the Sun. As a matter of 
fact, it is worth mentioning that the Earth’s path in space resembles the thread 
of a screw having a skew axis—the direction of the Sun’s motion being in¬ 
clined about fifty-four degrees to the plane of the Earth’s orbit. 
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of flie stars is concerned, appears to remain in doubt and 
abeyance; It must be understood, however, that the doubts 
Jiore expressed by no means .rest upon the feet of the Sun’s 
motion. We are forced to believe that some, of the assump¬ 
tions upon which we had been proceeding with confidence, 
arc more than questionable. It may he, for example, that 
our ideas of the stellar distances require to be modified. 
Or again, it may be that the stars are not. moving indepen¬ 
dently, hut according to some system which tends to falsify, 
all the general assumptions we had formed on the hypothesis 
that they are independent suns like our own., And, again, 
there may he laws of motion which associate the stellar 
movements in a special manner, without any actual associa¬ 
tion of the individual orbs. 

I was led some time ago, by considerations wholly 
distinct from those which ■ I have been dealing with above, 
to form the opinion that if the proper motions of the stars 
were mapped, there would be rendered apparent signs of 
association between stars much farther apart on the heavens 
than the members of the widest double or multiple star- 
systems. In the third essay of this series, I pointed to the 
fact that associated proper motions would afford significant 
evidence in favour- of the theory that the signs of stellar ag¬ 
gregation in .certain parts of the heavens are not accidental. 

I therefore proceeded to map down the proper motions 
which the Astronomer Royal had used in his calculations. 
(See - Plates IX. and X.) It need hardly be said that 
a map of proper motions speaks much more intelligibly and 
clearly respecting the meaning of those motions than the 
most carefully constructed table could do. Astronomical 
tables are necessarily arranged in such a way that stars which 
lie near each other in the heavens are often , far apart in the 
catalogues. It is therefore impossible to form any clear con¬ 
ception of the general character of the motions prevailing in 
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any given region of the "heavens. When a chart had been so 
constructed as to exhibit the stellar motions to the eye, this 
difficulty was at once removed. 

The plan I adopted was to attach to each star a little 
arrow, whose direction and length indicated the character 
and magnitude of the star’s proper motion. In order that 
these arrows might not he too small, I gave them the length 
corresponding to the star’s motion during a very long interval 
of time. For convenience, I made one degree on the map 
correspond to a stellar motion of one-tenth of a second ; the 
result being that the motions actually represented are those 
which would take place in the course of 36,000 years. Even 
so magnified, most of the motion-arrows are inconveniently 
minute. 

The maps included at first only the 1,167 stars dealt 
with by the Astronomer Royal, hut I subsequently added 
upwards of 400. stars, whose proper motions had been calcu¬ 
lated by Mr. Stone, of the Greenwich Observatory, from ob¬ 
servations as trustworthy (having, in fact, been made by the 
same observers) as those which Mr. Main had used in pre¬ 
paring the catalogue of 1,167 stars., 

The maps 1 fully justify the term 1 star-drift,’ which I 
have applied to the stellar proper motions. 

Remembering that the stars which are visible to us lie 
at very different distances, we see that if a real star-group 
exists in space, having dimensions which cause it to appear 
to cover a widely-extended region of the heavens, we must 

1 The maps show also the estimated position cf the apex of the solar way 
according to the researches of Sir W. Herschel, O. Struve, Argelander, Midler, 
the Astronomer Royal, and others. Arrows have been placed over all parts of 
both maps, corresponding in length and direction to the estimated apparent 
motion of a star of the first magnitude, supposed to be at rest, but changing in 
apparent position on account of our Sun’s motion. Thus it becomes possible 
to determine at once whether a star or set of stars in any region be moving, or 
not, in a way corresponding (in direction and rate) with the effects duo to the 
Sun’s motion. 
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expect to find that other stars in the same region do not. 
belong to the group. Not only so, but it must be looked 
upon as highly probable that the stars seen in any given 
direction may belong to three, four, or more star-groups, if 
the existence of star-groups is a real. fact. Therefore we 
might expect the existence of star-groups to be more or less 
masked by the effects which would follow from their appa¬ 
rent intermixture. If, for instance, a general concurrence of 
proper motions in a definite direction is to be held indicative 
of the fact that the stars so moving form a single system, 
then we might expect in general to fail in detecting such 
systematic drift, on account of the perplexities introduced by 
some other drift belonging to a set of stars apparently mixed 
up with the former. And if three or more star-drifts were 
mixed up together in this way, the problem would become 
still more perplexing. 

Thus, all that was to be hoped for (as it seemed) was 
that here and there some sufficiently well marked cases of 
stair-drift might not be masked by the effect of other 
motions. 

The result, however, was more satisfactory than I, had 
anticipated. 

In some regions large groups of stars, are seen to be 
drifting bodily in a definite direction. The most remarkable 
instance of this sort occurs in the stars which form the con¬ 
stellations Gemini and Cancer. All these, amounting in 
number to Seventy or eighty, are drifting towards the neigh¬ 
bouring part of the Milky Way, with the exception of three 
stars, which seem to belong to another system. Another 
remarkable instance is to be found in the stars of the con¬ 
stellation Taurus. This is the instance of concurrent proper 
motions on which Madler founded bis theory that Alcyone is 
the central sun of our galaxy. The drift in this part of the 
heavens is in a manner opposed to that in Cancer and 
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would be found to-be travelling in the same? direction, is 
demonstrably minute. Lastly, we have the evidence derived 
from the equality of the motions of the five stars, and here 
again the antecedent probability of the coincidence is so 
minute as to force upon us the opinion that the actual 
coincidence is not accidental. The combination of the three 
lines of evidence leads to a feeling of absolute certainty that 
the five stars are associated into a single scheme or system. 

Let us pause for- a moment to contemplate the significance 
of this result. One of the stars of the set of five is the 
middle star in the tail, which I have already referred to as 
having a companion visible to the naked eye. Now, it had' 
long since been proved that the bright star and its small 
companion are really connected. The evidence had been no 
other than that community of proper motion which I have 
been dealing with in the case of the five stars. Mizar and 
Alcor, then, were looked on as a wide double, and astro¬ 
nomers had contemplated with interest and amazement the 
■wondrous cycle corresponding to the motions ,of stars 
separated in reality by an enormous interval. For the 
nearest of the stars in our northern skies is more than 
720,000 times farther from us than we are from the Sun.,, 
Mizar is presumably much farther away. Now, whatever 
distance separates Mizar from us, cannot- be mote than about 
240 times as great as that which separates Alcor from Mizar: 
so that Alcor must he at least 3,000' times farther from its 
primary, orb than we are from the Sun. How enormous, 
then, must be the period required for the revolution of the 
two stars around their common centre of gravity! 

But this is not all. Mizar has a close companion, as 
well as its distant companion, Alcor. This close eompanion- 
has the same proper motion as Alcor and Mizar, and belongs, 
therefore, to the same scheme as the other four stars. A 
sort of dignity is thus given to the star-system . we are 
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considering, by the triplicity of one of its members. At 
present, however, we are dealing with another consideration 
7 —the magnitude, namely, of the cyclic period appertaining 
to the scheme. Now, the close companion of Mizar, though 
undoubtedly it is in reality travelling round that star, 
moves yet so slowly that no sign of a change of place has 
as yet been detected by astronomers. Therefore the period 
of revolution, even for this comparatively close pair, must 
be very large, and Alcor must have a very much longer 
period; so that we may accept without surprise Baron 
Madler’s estimate that Alcor occupies no less than 7,659 years 
in travelling around Mizar. 

But what sort of periods can we assign to the cyclic 
revolutions of the five stars, when the comparatively close 
companions of one of the set occupy periods of revolution so 
enormous ? Again, how can we resolve the questions which 
at once, suggest themselves respecting the relations which 
prevail in such a system ? That the whole system revolves 
around its centre of gravity is of course certain. But there 
are numberless ways in which the revolution may take place, 
depending on the relations between the weight and 
velocity of the different orbs forming the system. Any 
two of the five may really form a. pair, any three may form 
a triplet. We cannot tell where the centre of gravity of 
the scheme may be. We have no knowledge of the true 
relative positions of the five orbs. We cannot guess what 
the real direction of their orbital motions may be. We are, 
in fact, altogether in doubt on every subject connected with 
the system, except the main fact that the whole system has 
a drift carrying it bodily forwards at the rate of many 
millions of miles per annum. It is in this connection that 
the appearance of such systems as these in the heavens, seems 
to me so interesting—I may almost say, so imposing a 
phenomenon. The life of man is a period too short to tell us 



vu 


THE UNIVERSE. 


anything wen of the subordinate motions of such a scheme, 
—-the motion of Mizars companion about its 'primary, or of 
Alcor about both; but the duration of the human race, nay, 
of the solar system itself, may be out-lasted by a single 
revolution of the great star-system placed out yonder in the 
celestial depths. From the far-off times of the Chaldaean 
shepherds the great fteptentrion star-system has looked down 
with seemingly unchanging aspect on the rise and fall of 
many nations and races of men. When the human race has 
perished from this globe, when the earth has become what 
the moon now is, a scene of utter barrenness and desolation, 
the star-system will doubtless have exhibited many changes. 
But only when millions of aeons have passed, and the earth 
is nearing the scene of-its final absorption beneath the solar 
oceans, will the stately motions of the star-system have 
begun to work out the full series of cyclic changes apper¬ 
taining to a scheme so extensive and so complicated. 

But the star-drift in Ursa Major is only one instance out 
of many. Looking more closely than we have yet done .into 
the sidereal scheme of which our Sun is a member, we see it 
breaking tip into subordinate star-systems of greater or’less 
extent. Our Sun himself may not be a solitary star as has 
been commonly supposed. From among the orbs which 
deck our skies, there may be some which are our Sun’s 
companions on his path through space, though countless 
ages perhaps must pass before the signs of such companion¬ 
ship will be rendered discernible. On every side we see 
drifting star-schemes, and comparatively few stars are to be 
recognised as voyaging in solitary state through space. 
From the complexity of such systems as we see in Gremini 
and Cancer, to schemes such as the one in Ursa Major, and 
thence to solitary stars such as Arcturus and Sirius appear 
to be, we recognise a number of gradations, and it yet 
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remains to be determined to what class of these schemes our 
Sun belongs. 

Verily much remains to be leamt respecting our galaxy. 
Since the days of Sir W. Hersehel, or rather since the 
younger Hersehel completed the noble series of labours 
commenced by his father, a sort of rest has fallen upon 
astronomy, so far as the science deals with the relations of 
the great sidereal system. But there is room for much new 
labour in this wide field of research. The Herschels dealt 
with generalities. They discussed the galaxy as a .whole, 
and it was no part of their work to examine into the details 
of the stellar scheme. The work they took in hand to do 
they accomplished with marvellous success, insomuch that 
they have left little for others to achieve in the same 
direction. But it would be a mistake to renew the 
Herschelian mode of inquiry—to continue to neglect details 
and consider only the grander features of the galaxy. The 
work of survey has been completed. In examining, part by 
part, the field which has been plotted out for us, we must 
adopt new principles for our guidance. To deal, now, with 
generalities alone, as the Herschels did, would be to destroy 
those scarcely recognisable indications which can alone guide 
us to new knowledge. We must in future examine' the 
sidereal scheme detail by detail, feature by feature. The 
work will not be light, and many workers will be wanted. 
But the result will be worth the toil. Not in our day, 
perhaps not for many generations, may the fruits of such 
labours be reaped. But gradually astronomy will gather in 
her harvest, and when it is garnered, the rich reward of 
many years of toil will be found in a clear knowledge of the 
relations presented by the wondrous galaxy to which our 
Sun belongs. 


From the Student for Oetoher 1870. 
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ARE THERE ANY FIXED STARS f 

During the last few years astronomers have been attacking' 
questions which seem, at first sight, far beyond the range of 
the human intellect, or of the instrumental appliances which 
human ingenuity can devise. A marked contrast, indeed, 
is to. be distinguished between the inquiries which have been 
made within the last decade and the most valuable dis¬ 
coveries of all previous times. Not one of the results which 
had rewarded the labours of scientific men up to the middle 
of the present century would have seemed incredible to 
Francis Bacon had it been predicted to him : nay, there is 
scarcely one of them whieh is not more or less distinctly 
shadowed forth in that strange and little read work of his,, 
the 4 Sylva Sylvanum.’ But even he, daring as were his con¬ 
ceptions and hopeful as were his views of the powers of that 
method of research which he inculcated, would probably have, 
smiled with contempt had the idea of analysing the Sun or 
the fixed stars been mooted in his presence. The Frenchman 
who lately brought before the Imperial Academy at- Paris 
the absurd proposition that our astronomers and. physicists 
should make signals to the inhabitants of Mars and Jupiter • 
scarcely appears a greater dreamer to us than any one would 
have appeared to Bacon who put forward a notion seemingly 
so preposterous. 

At first sight it may seem to many that the subject I 
have now chiefly to deal with—the determination, namely, 
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by our astronomers, of the motions of recess or approach 
■which the fixed stars may possess—does not belong to the 
category of those researches which appear altogether hopeless. 
■Yet when the true nature of the problem is understood, a 
different view will certainly be adopted. It will be well to 
look at the subject of the stellar motions in this way, to 
consider the difficulties which seem to surround it on every 
side, and the interest which attaches to its solution, before 
we proceed to consider the method which has been success¬ 
fully applied to one star, and will doubtless in the fulness of 
time be applied to hundreds, with results whose importance 
it is impossible to over-estimate. 

The stars, it is well known, have to ordinary observers 
every appearance of fixity. If Hipparchus or Ptolemy could 
now look on the orbs they watched so lovingly in the far-off 
years, they would see nothing to induce them to imagine 
that the stars are in motion. Whether the aspect of the 
heavens is exactly the same now as when Aratus sang the 
glories of the constellations, we cannot indeed assert with any 
certainty of conviction. Many of the stars may shine with 
different lustre, some few have perhaps disappeared, and pos¬ 
sibly some new stars have appeared upon the scene. But such 
changes as these are not in question at present; I refer only 
to apparent changes in the stars’ places. 

Astronomers in our day know indeed that the stars are 
changing their place upon the heavens. But it is not because 
the change of place has been made perceptible to ordinary 
vision ; but because by means of the telescope it has become 
possible to magnify so largely the effects of change, that 
movements which would produce no perceptible effect in 
thousands of years if ordinary vision only were in question, 
are recognised as certainly as though the astronomer could 
see the star actually moving as he watched it. 

But such changes of position as can thus be recnomised 
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are not only minute, insomuch that it is only after half a 
century of observation that even modern astronomy can 
detect thorn, but they afford no certain indication of real 
motion on the part of the star. TFe may he in motion- 
nay, more, it has been proved that we are in motion, that 
the 3 ub with his whole cortege of planets and cometary 
systems is sweeping swiftly through’ space, and the apparent 
motion of a star may in reality be wholly due to the Sun’s 
motion. The very fact that' by observing the apparent 
stellar motions astronomers have been able to guess the 
direction in which the Sun is travelling through space, 
shows that a large part at any rate of the stellar motions 
must he due to the Sun’s motion. And inasmuch as we 
are by no means certain of the direction in which the Sim 
is moving, or of the velocity with, which he rushes through 
space, we are not in any case able to determine how much 
or how little of a star’s apparent motion is due" to the solar 
proper motion. Furthermore, our uncertainty as to the 
distances of all save one or two stars renders us yet more 
doubtful how to interpret the stellar movements. 

Still we may take it as proved by the mere determina¬ 
tion of the stars’ proper motions, that these orbs are not fixed 
in space. Because we are quite certain that no motion 
which could possibly be assigned to the Sun by astronomers 
would account for all the stellar motions, whatever assump¬ 
tion we might form respecting- the stellar distances. That 
this is so will he evident from the simple consideration that 
there are cases where two stars near each other (in appear¬ 
ance) are moving in exactly opposite directions. We cannot 
possibly account for such motions as these by any assumption 
involving; fixity for both stars and motion in the case of 
our Sun alone. 

Furthermore, the motions of those double stars which 
form binary systems suffice to show that motion is an 
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attribute appertaining to some stars; and if to some stars 
as well as to our Sim (which is but a star), why not to all ? 

But now notice a point of great importance in connection 
with the question of movements of recess or approach. 

The apparent proper motions of the stars give us the 
means of estimating their probable motions of recess or 
approach, and thence of estimating our chance of determin¬ 
ing such recessions or approaches. 

In the first place it will be admitted that we have no 
reason whatever for believing the stellar motions to be 
limited to any special direction. If we imagine our sun 
for a moment set at rest, and that we could tell the exact 
direction in which each star moved, we should doubtless 
find that the stars were moving in every direction with 
respect to the lines of sight drawn to them. Here a star 
would be moving almost square to the line of sight; here 
nearly along it and towards us; here nearly along it and 
from us; and elsewhere every possible variety of direction 
would appear without the slightest preference (when the 
whole celestial sphere was considered) for one direction 
rather than another. 

Amongst the immense number of stars, then, whose 
proper motions have been determined, there must be many 
whose motion is very nearly square to the line of sight from 
the observer on earth. And we have no reason for suppos¬ 
ing that the stars which are thus moving have less or greater 
motions, on the average, than their fellows which are moving 
in other directions. Hence the motions of the former set 
of stars afford us a measure of the motions which those stars 
possess which are moving directly from or towards us, and 
so appear at rest; and though we can thus learn little 
respecting the real rate at which those stars are moving, 
for we know little respecting the real rate at which the 
other stars are moving square to the line of sight, we 
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have a very satisfactory measure of the general rate at 
which the relative, distances of the stars are diminishing 
or increasing. - , 

For let e he the earth, s, the position of a star at the 
beginning of a century, s 2 its position at the end of a century, 
the star being one of those which is moving at right angles 
to the line of sight. And let us suppose that the star is also 
one of those which is moving most rapidly in appearance, so 
that the angle s,es 2 which measures the proper motion in,a 
century is as large as possible. Then we cannot assume 
with any probability that any star in the heavens lias a 
greater proportional motion of recess or of approach than the 
motion indicated by s,s 3 or a,s 4 (each equal to s r s 2 ). That is, 
the ratio of es 3 or es 4 to Eg, indicates the greatest relative 
change of distance we may look for among the stars during 
the course of a century. 


But we can calculate the value of this ratio at once, and 
so see at once what chance there is that a change in a star's 
brilliancy earned by such a change of distance could be 
estimated by means of our photometers. 

There is no star in the heavens which has. so large a 
proper motion as ten seconds of arc per annum. . ■ Therefore 
in taking the angle s,es 2 at 1,000 seconds or 16' 40", we are 
taking a very favourable view of our prospect of estimating- 
change of distance hv change of brilliancy. If s,E.s 3 be an 
angle of 16' 40", then s,s 2 is equal to 0-004848 where es, is’ 
called 1. Put for convenience s,s 8 or s r s 4 as equal to -005. 
Then the brilliancy of the star at the beginning of the 
century would bear to its brilliancy at the end (supposing 
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theie has been in the meantime no change in the actual 
amount of light emitted by the star) the ratio 

f i,oooy /i,oooy 

V 995 ) 01 VI,005/ 

according as the star had approached or receded from the 
earth with the assumed (and altogether over-estimated) 
velocity referred to. These ratios reduce severally to 
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In other words, the star’s brilliancy would only be increased 
or diminished by about one hundredth part in one hundred 
years even in this altogether exceptional case. 

No instrument ever yet devised by man could give any 
indications of so slight a change of brilliancy as this, even if 
it occurred in a single instant, so that one and the same 
observer could measure the star’s light under unchanged 
atmospherical conditions. 

We see, then, that the problem of attempting to measure 
the motions of recess or approach which the stars may have 
is one which seems, on the face of it, as hopeless as that of 
determining what the stars are made of would have appeared 
twenty or thirty years ago. 

Yet the problem has been mastered, and in a much more 
thorough manner than the seemingly simple problem of 
estimating the motion of the stars athwart the line of sight. 
In fact, whereas we know nothing (except in one or two cases) 
respecting the amount of this latter motion, for its angular 
measure affords no satisfactory criterion of the real motion 
in miles per year, we have a means of measuring the real 
velocity with which the stars are approaching towards us 
or receding from us. I proceed to show how this is done — 

We know that light is not a material emanation from 
k 2 






luminous bodies, but consists in reality of the propagation of 
minute vibrations, takiug place either in an sjethcrml medium 
pervading all space, or (as some physicists suppose; m the 
ultimate particles of what we ordinarily term matter. 1 Now 
it is to this property of light that the powerful mode of re- 

cloaely to the peculiarities of wave-motion. Space will not 
permit me to enter at such leugth as I could wish into The 
considerations thus arising; and therefore i will conhne mv 
attention to a few primary points. The whole subject was 

the lecture delivered hv Professor Miller to the workiug- 
un;n of Exeter, in 1868, the careful study of which will 
well, repay the student. 

The simplest illustration we have of wave-motion is m 
the material waves which traverse the surface of water. 
Now here, be. it noticed, \vc must not think of such waves as 
roll in upon the shores of the sea, but of the true waves 
which traverse the surface of open seas. In such waves there 
is nor. as there appears to be. a rapid transmission of matter. 
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first wave is only 400 yards off instead of 500, and the wave¬ 
length is but 40 yards. In other words, the true length is; 
Jess by 10 yards than the length which would lie arrived at 
on the supposition that the ship is at rest. On the contrary, 
if the ship is moving at the same rate against the waves, the 
true distance of the first wave-crest is 600 yards, the true 
wave-length 60 yards; and the effect of the ship’s motion 
is to cause an apparent increase of 10 yards in the wave¬ 
lengths. 

And clearly, if we eould only conceive such a state of 
things as that the ship should be really at rest and the 
whole mass of the rolling eea bodily transferred under the 
ship, we should get a similar result. If the transference 
were in the direction of the wave-motion (which-would 
correspond to a motion of the ship against the direction of 
the waves), the result would he an under-estimate of the 
wave-length; while in the reverse case the wave-lengths 
would he over-estimated. 

Now let us consider the case of sound-waves. These are 
somewhat less familiar to us (so far as our ordinary modes of . 
perception are concerned); but, inasmuch as we can more 
readily make experiments on them than on light-waves 
(owing to the enormous velocity with which the latter 
travel), they will serve to give a convenient illustration of 
the property we are to deal with. 

Let fig. 9 represent a series of sound-waves generated by 
the vibrations of the tuning-fork a. When the right-hand 
prong is at a (the limit of a vibration), a is a place of aerial 
condensation ; the next such place is at b (ab being the wave¬ 
length corresponding to the vibrations of the tuning-fork), 
the next at e, the next at d, and so on. The wave-amplitude 
does not concern us, but I may mention in passing that it is 
measured by the degree of the aerial condensation at a, b , 
c, d, &c. The tone of the sound depends on the wave-length 
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ab, and a given tuning-fork will cause aerial waves of a 
particular length (that is, will give out its proper tone), if it 
be at rest. 

But now suppose that the tuning-fork is being moved, 
and that with a velocity bearing an appreciable relation to 
the velocity with which sound travels. It will readily 
be seen that the tone now produced by the tuning-fork 
will be different from what may be termed its natural 
tone. 

Thus suppose that during the interval which sound 
would occupy in travelling from a to b, the tuning-fork has 
been moved so that the prong a is at a'. During the 
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interval the prong has made one complete vibration, and a' 
is now therefore a region of condensation instead of a; b is, 
of course, a region of condensation, just as it would have 
been if the fork had been at rest. Hence the wave-length 
has been reduced to alb ; and as all the waves proceeding 
from the neighbourhood of the. vibrating fork are similarly 
affected, there results a series of waves, ef, fg, gh, &c., as in 
fig. 10. 

On the other hand, if the fork had been moved in the 
opposite direction, there would have resulted the series of 
waves hi, Im, ran, &e., represented in fig. 11. 

In the former case the tone of the resulting sound would 
have been more acute, in the latter it would have been more 
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grave, than <]ie natural tone of the fork. 1 And a little con-' 
sidcration will show, that if, instead of fiiefork , being moved, 
the ear were brought rapidly towards or from the vibrating 
fork, similar effects would follow— a rapid approach rendering 
the sound more aente, a rapid retreat rendering" the, sound 
more grave. - .. ‘ . ' ' ■ - 

It is absolutely necessary, here, that the velocity either 
of the fork or of the ear should bear an appreciable propor¬ 
tion to the velocity of sound. In other words, da’ or aa" must 
hear an appreciable ratio to ah. This is obvious, since what 
is wanted is, that ef or hi should differ appreciably from ah. 

Now, if we only suppose, the vibrating end a of the fork 
to he a particle whose vibrations arc generating light of a 
particular wave-length—that is, of a. particular colour , we 
see that the reasoning we have applied to sound-waves must 
be equally true of these light-waves. If the source of light 
be approaching us, through its own motion, or ours, or both, 
the waves will seemingly be shortened ; and if the source of 
light be receding, the waves will he lengthened. In * other 
words, there will be in either case a change of colour —the 
change being towards the blue end of the chromatic scale in 
the former case, and towards the red end in the latter. 

But here, as in the case of sound* the condition has to be 
fulfilled, that the velocity of approach or recess shall bear an 
appreciable proportion to the velocity with which tile waves 
travel: that is, to the velocity of light. Now, light travels' 
at the rate of about 185,000 miles per second; and it seems 
hardly conceivable that any material movements in the 
universe should bear an appreciable relation to so enormous 
a velocity as this. 

1 Professor Tyndall has remarked that when a train rushes rapidly past a 
station a change in the tone of the whistle may be noticed by ft person tm the 
platform', the sound being more aente as the train approaches than after it has 
passed the station. 




are there ant fixed stars? 137 

We could not hope, then, that any luminous object in the 
universe should indicate by a change of colour a change in 
the direction of its motion. 

But this is not the only nor the principal difficulty in the 
application of such a mode of estimating motion. Doppler, 
who was, I believe, the first to suggest that the colours of 
the stars may serve to indicate whether these bodies are 
approaching us or receding from us, omitted to notice a 
circumstance which rendered his whole argument nugatory : 

In the case illustrated by figs. 9,10, and 11, we dealt with 
the affections of only a single wave-length. If all stars sent 
us light rays having a definite wave-length, then what we 
have described would happen; and if our perception of 
colour were but sufficiently delicate, we could tell whether a 
star were moving from or towards us by the colour of its light. 
But this supposition implies that a star’s colour should be 
monochromatic; and we know that the light from the stars 
consists of a combination of iall the prismatic colours. But 
again, if the spectrum had definite extremities, and if no 
action of any sort took place beyond those extremities, then 
something like what Doppler conceived would take place. 
For then the light-waves of all lengths would be affected by 
a star’s motion; so thatfif a star were approaching us, all the 
waves would be shortened, and a part of the red end of the 
spectrum would suffer extinction, while in the reverse case 
the blue end of the spectrum would be shortened. We know, 
however, that beyond the visible ends of the spectrum, waves 
too long and too short to affect the eye as light-waves are 
really in existence. Thus instead of the red end or the blue 
end suffering, in the cases imagined above, all that would 
happen would be that the heat-waves beyond the red end or 
the chemical rays beyond the blue end would become light 
waves, replacing the red or blue end of the spectrum, as the 
case might be: and there would be no change of colour. 
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But these considerations, while showing’ that nothing can 
he hoped for from Doppler’s suggested consideration of star- 
colours, show that, a much more delicate and satisfactory test 
can he applied. We see that the whole spectrum is shifted 
hodily. Therefore, all its lines , whether dark or bright, must 
be shifted with it. This is a motion we, may hope to 
estimate, because we can bring into comparison with any 
line in the shifted spectrum the corresponding line belonging 
to some terrestrial element. We have, in fact, a test of the 
most extreme delicacy; and were it not that the most rapid, 
stellar motions can produce but the minutest change in the 
position of the star’s spectrum, we might read off the stellar 
motions of recess or approach as readily as we can determine 
the general character of the star’s light by the same mode of 
analysis. 

But when it is remembered that the velocity of light is 
about 185,000 miles per second, we' see that a star must be 
moving with enormous velocity that its spectrum may exhibit 
any appreciable change of position. Our sun is supposed to 
be travelling at the rate of about five miles per second, and we 
have reason to believe, from some researches of Mr. Stone’s, 
that the average motions of the stars may be about one-third 
greater,—say about seven miles per%econd. Now,'it has been 
estimated by Mr. J. Clark Maxwell that a velocity equal to 
that of the earth in her orbit, that is, rather more than 
eighteen miles per second, would shift the sodium line it, 
through a space equal to about the tenth part of that which 
separates Dj from i> 2 , these lines forming what is commonly 
called the double line d of sodium. An idea, therefore, may 
he formed of the difficulty of estimating the stellar motions 
of recess or approach, unless in those exceptional cases where 
the star’s real motion is much greater than the above- 
mentioned average. 

Of course, the whole question is one of the'dispersive 



ABE THEpE ANY FIXED STARS? 


139 


power of the spectroscope; and inasmuch as a telescope of 
large aperture will permit us to use a higher dispersive power 
than we could apply to a smaller instrument, the size of our 
telescopes enters into this as into so many other questions of 
astronomical interest. 

The star selected for the first application of the new 
method of research was Sirius, on account of its great 
brilliancy. It was necessary to consider some one recognised 
line of his spectrum, and the line corresponding to the solar 
line f (the blue-green hydrogen-line) was the one selected. 

Tig. 12. 



Fig. 12 shows the # result of the experiment. The two 
upper spectra are not directly concerned in the method 
applied ; but it is well to notice the perfect coincidence in 
position between the sharp dark line in the solar spectrum 
and the middle of the diffused line obtained from hydrogen 
at ordinary atmospheric pressure. Any want of coincidence 
here would have thrown doubt on the result of the experi¬ 
ment. 

The hydrogen-line, actually compared with the dark and 
somewhat diffused r-line of the spectrum of Sirius, was 
obtained from hydrogen in the so-called vacuum-tube. I»r. 
Huggins made it fall side by side with the diffused dark line f 
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in fig. 13,1 have found in many parts of the heavens distinct 
traces of star-drift; that is, of the systematic motion of 
groups and sets of stars in particular directions. A singular 
instance of this is found among the bright stars of Ursa 
Major, five of which are moving (as shown within the oval, b. 
in fig. 13) in the same direction, and with the same velocity. 
Two other stars near f are also moving in the same manner. 
One cannot doubt that these stars are associated in some 
way, and so form a system; especially when it is noticed that 
the stars are moving in a direction almost directly opposite 
to that due to the sun’s motion in space. Scarcely less re¬ 
markable is the community of motion observed within the 


Fig. 13. 
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oval a. And it will be noticed that among the remaining 
stars of the map there is a community of motion either inter 
se, or with the stars included within the ovals. 

It will be a matter of extreme interest to determine by 
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From time to time, during the last three years, I have 
brought before the students of science the various argu¬ 
ments and considerations on which I have based certain 
new views respecting the constitution of the sidereal universe. 
In so doing I have had occasion to deal chiefly with facts 
already known, though not hitherto viewed in that particular 
light in which I sought to place them. Indeed it is an 
essential part of my general argument that much that is con¬ 
tained in observations already made has been escaping us. In 
the eagerness of astronomers to ascertain new facts, they 
have been neglecting the interpretation of facts already 
ascertained. 

But I have long felt that it would greatly tend to advance 
the new views which I have advocated, if some process of 
research, pursued by one of these astronomers of our day who 
possess the requisite means and leisure for prolonged in¬ 
quiries, should confirm in a clear and decisive way some 
definite point of my new theories. Thus, if new observational 
evidence should be found in favour of my theory that- the 
nebulae are not external to our galaxy, or if new evidence 
should be obtained to show that the stars are aggregated in 
certain regions within our system and segregated from others; 
or again, if my theory of star-drift should be confirmed by 
new and striking evidence, I felt that a greater measure of 
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confidence in my analysis of former evidence would thenee- 
forward bo accorded, X had no occasion, indeed, to complain 
of cavil or opposition; in fact, a degree of attention had 
Iksoji given to the new opinions 1 I' advocated which . was 
certainly much greater than I had looked for. But there 
must always be such an inertia in the general'weight of 
opinion in favour of accepted views, that only a steady reite¬ 
ration of reasoning during a long period, or else some 
striking and impressive discovery, can cause the weight of 
opinion to tend in the contrary direction. 

I cannot but regard myself as most fortunate in finding 
the first confirmation of my views (i.) coming from one of 
the most eminent astronomers and physicists of the day, (ii.) 
bearing Upon one of the most definite and positive of my 
vaticinations, and (iii.) relating to one of the. most inte¬ 
resting subjects in tbe whole range of recent astronomical' 
research. ■ 

It will be in the remembrance of many, of my readers 
that, nearly four years ago, Dr. Huggins succeeded in 
showing that the bright star Sirius is travelling at an 
enormously rapid rate away from us. In other words, 
besides that rapid thwart motion which is shifting the place 
of this star upon the heavens, the star has a rapid motion of 
recession. In the preceding paper, called ‘ Are there any Fixed 
Stars ? ’ the nature of the means by which this discovery was 
effected is fully described and explained. It may be permitted 
to me to mention, also, that while Dr. Huggins’s researches 
were still unannounced (or rather incomplete) I was so 
far fortunate as to indicate the possibility' of employing 
the very method of research which Dr. Huggins was 
then engaged (unknown to me) in applying to Sirius. 
I propose here briefly to describe and explain the 
method, referring the reader who desires fuller information 
on these preliminary points to the preceding paper. . I am 
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the more desirous of doing this, because I find the principle 
of the method not readily grasped, and I conceive the 
explanation I am about to offer 1 may remove certain diffi¬ 
culties not uncommonly experienced. 

Conceive that a person, standing on the edge of a steadily- 
flowing stream, throws corks into it at regular intervals—say 
one cork per second. These would float down the stream, 
remaining always separated by a constant distance. Thus, 
if the stream were flowing three feet per second, the corks 
would be a yard apart (supposing, for convenience of illus¬ 
tration, that each cork was thrown with exactly the same 
force and in exactly the same direction). Now, if a person a 
mile or so down the stream saw these corks thus floating 
past, he could infer that they had been thrown in at regular 
intervals ; and, moreover, if he knew the rate of the stream, 
and that the corks were thrown in by a person standing at 
the river’s edge, he would know that the interval between 
the throwing of successive corks was one second. But, vice 
versa , if he knew the rate of the stream, and that the corks 
were thrown in at intervals of one second, he could infer that 
the person throwing them was standing still. For let us 
consider what would happen, if the cork-thrower sauntered 
up-stream or down-stream while throwing corks at intervals 
of one second. Suppose he moved up-stream at the rate of a 
foot per second; then, when he has thrown one cork, he 
moves a foot up-stream before he throws the next; and the 
first cork has floated three feet down stream; hence the 
second cork falls four feet behind the first. Thus the 
common distance between the corks is now four feet instead 
of three feet. Next suppose he saunters down-stream at the 
rate of a foot per second; then, when he has thrown one 

1 I am indebted for the illustration on which is based the explanation 
which follows, to my friend and college contemporary, Mr. Baily, great-nephew 
of the eminent astronomer, Francis Baily. 
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cork, lie moves a foot down-stream "before be throws the 
next; and the first cork lias floated three feet down-stream ;> 
hence the second cork falls only two feet behind the first. 
Thus the common distance between the corks is now two feet 
instead of three feet. It is clear, then, that the person 
standing a mile or so down-stream, if he knows that, the 
stream is flowing three feet per second, and that his friend 
tip-stream is throwing one cork in per second, can be quite 
sure that his friend is standing still if the corks -come past 
with a common interval of three feet between them. Moreover, - 
he can be equally sure that his friend is sauntering up¬ 
stream if the corks come past with a common interval exceed¬ 
ing three feet; and that he is sauntering down-stream, if the 
common interval is less than three feet. And if, by some process 
of measuring, he can find out exactly how much greater or how 
much less than three feet the interval is, he can tell exactly how 
fast his friend is sauntering up-stream or down-stream. It 
would not matter how far down-stream the observer might 
be, so long as the stream’s rate of flow remained unchanged; 
nor, indeed, would it matter, even though the stream flowed 
at a different rate past the observer than past the cork- 
thrower, so long as neither of these two rates were liable to 
alteration. . -■ 

Now, we may compare the emission of light-waves by a' 
luminous object to the throwing of corks in our illustrative 
case. The rate of flow for light-waves is indeed infinitely 
faster than that of any river, being no less than -185,000 ' 
miles per second. The successive light-waves are set in 
motion at infinitely shorter time-intervals, since for extreme 
red light there are no less than 458,000,000,000,000 undu¬ 
lations per second, and for extreme violet no less than 
727,000,000,000,000; but these specific differences do not 
affect the exactness of the illustration. . It is obvious that all 
that is necessary to make the parallel complete is that the 
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flow of light-waves shall reach the observer at a constant 
rate (which is the actual case), and that he shall know, in the 
case of any particular and distinguishable kind of light, what 
is the rate at which the wave-action is successively excited, 
and be able to compare with this known rate the rate at 
which they successively reach him. If they come in' quicker 
succession than from a luminous body at rest, he will know 
that the source of light is approaching as certainly as our 
observer down-stream would know that his friend was saun¬ 
tering towards him if the corks came two feet apart instead 
of three feet. If, on the contrary, the light-waves of a par¬ 
ticular kind come in slower succession than from a body at 
rest, the observer will know that the source of light is re¬ 
ceding, precisely as the river-side observer would know that 
his friend was travelling away from him if the corks came 
past him four feet apart instead of three. 

Now, the stellar spectroscopist can distinguish among the 
light waves of varied length. which reach him, those whicli 
have a particular normal length. He analyses star-light 
with his spectroscope, and gets from it a rainbow-tinted 
streak crossed by dark lines. These dark lines belong to 
definite parts of the spectrum; that is; to such and such 
parts of its red, or orange, or yellow, or green, or blue, or 
indigo, or violet portion. Thus- they correspond to light 
having a particular wave-length. And many of these lines 
in stellar spectra are identifiable with the lines due to known 
elements. For instance, in the spectrum of Sirius there are 
four strong dark lines corresponding to the known bright 
lines of the spectrum of hydrogen. Thus the wave-length 
corresponding to any one of these dark lines is perfectly well 
known to the spectroscopist from what he has already 
learned by examining the bright lines of hydrogen. Now, if 
Sirius were receding very rapidly, the wave-length corres¬ 
ponding to one of these lines would be lengthened; it would 

i2 
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correspond, in fact, to a part of the spectrum nearer the red 
•end or the region, of longer light-waves, and thus the dark 
line would be shifted towards the red end of the spectrum: 
whereas, on the contrary, if Sirius were very rapidly 
approaching, the dark line would be shifted towards the 
violet end of the spectrum. All that would be necessary 
would be that the rate of approach or recession should bear 
an appreciable proportion, to the rate at which light travels, 
or 185,000 miles per second. For, reverting to pur cork- 
thrower, it is clear that if he travelled up-stream or down¬ 
stream at a rate exceedingly minute compared with the 
stream’s rate of flow, it would be impossible for the observer 
down stream to be aware of the cork-thrower’s motion in 
either direction, unless, indeed, he had some very exact 
means of measuring the interval between the successive 
corks. 

Now the. spectrum of a star can be made longer or shorter 
according to the dispersive power employed. The longer it 
is, the fainter its light will be; but, so long as the dark lines 
can be seen, the longer the spectrum is, the greater is the 
shift due to stellar recession or approach; and therefore the 
more readily may such recession or approach be detected. 
But, with the instrument used by Dr. Huggins four years 
ago, it was hopeless, save in the case of the brilliant Sirius 
(giving more than five times as much light as any other star 
visible in our northern heavens), to look for any displacement 
due to a lower rate of recession than some hundred miles per 
second (little more than the two-thousandth part of the. 
velocity of light). What was to be done, then, was to 
provide a much more powerful telescope, so that the stellar^ 
spectra would bear a considerably greater degree of dispersion. 
With admirable promptitude the Royal Society devoted a 
large sum of money to the construction of such an instrument, 
to be lent to Dr. Huggins for the prosecution of his 
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researches into stellar motions of approach and recession. 
This telescope, with an aperture of fifteen inches, and a light¬ 
gathering power somewhat exceeding that usual with such an 
aperture, was accordingly completed, and provided with the 
necessary spectroscopic appliances. Many months have not 
passed since all the arrangements were complete. 

In the meantime, I had arrived at certain inferences re¬ 
specting the proper motions of the stars, on which Dr. 
Huggins’s researches by the new method seemed likely to 
throw an important light. 

More than three years ago, I had expressed my con¬ 
viction that whenever the recorded proper motions of the 
stars were subjected to a careful examination, they would 
confirm the theory I had enunciated, that the stars are 
arranged in definite aggregations of various forms—star- 
groups, star-streams, star-reticulations, star-nodules, and so 
on. 1 Making leisure, in the summer of 1869, for entering 
upon such an examination I was led to several results, which 
not only confirmed the above-mentioned theory but sug¬ 
gested relations which I had not hitherto thought of. Some 
of these results are discussed in the essay called 4 Are there 
any Fixed Stars ? ’ which precedes the present paper; others 
are presented in the essay called 4 Star-Drift.’ The special 
results on which Dr. Huggins’s recent discoveries throw 
light, were first publicly announced in a paper read by me 
before the Eoyal Society, on January 20, 1870. 

I had constructed a chart in which the proper motions of 
about 1,200 stars were pictured . To each star a minute 
arrow was affixed, the length of the arrow indicating the rate 
at which the star is moving on the celestial vault, while the 

1 I remind the reader that the essay ‘ Notes on Star-Streams ’ appeared in 
the ‘Intellectual Observer’ for August 1867, ‘Notes on Nebulae’ in ‘The 
Student’ for March 1868, and ‘A New Theory of the Universe’ in ‘The 
Student’ for February, March, and April 1869. 
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direction in which the arrow pointed shows the direction of 
the star's apparent motion. This being done, it-was possible 
to study the proper motions much more agreeably and 
satisfactorily than when they were .simply present**) in 
catalogues. And certain features, hitherto unrecognised, at 
once became apparent. Amongst these was the peculiarity 
which I have denominated 4 star-drift ’ j the. fact, namely, 
that certain groups of stars are travelling in a common 
direction. 1 This was indicated, in certain cases, in too . 
significant a manner to be regarded as due merely to chance- 
distribution in. these stellar motions; and I was able to 
select certain instances in which I asserted that the drift 
was unmistakable and real. 

Amongst these instances was one of a very remarkable 
kind. The ‘ seven stars ’ of Ursa Major—-the Septentriones 
of the Ancients—are known to all. For convenience of 
reference, let us suppose these seven divided as when the- 
group is compared to a waggon and horses. Thus, there are 
four waggon-wheels and three horses. Nmv, if we take the 
waggon-wheels in sequence round their quadrilateral 
(beginning with one of the pair farthest from the horses), so 
as to finish with the one which lies nearest to the horses— 
these are named by astronomers in that order Alpha, Beta, 
Gamma, and Delta of the Great Bear. Thus, Alpha and 
Beta are the well-known pointers (Alpha nearest the pole), 
and Delta is the faintest star of the Septentrion set. The 
three horses are called in order Epsilon, Zeta, and Eta; 
Epsilon being nearest, to Delta. Now when the proper 
motions of these seven stars had been mapped, I found that 

1 I include this among 1 features hitherto unrecognised,’ though Miokell had 
already noted the fact that the stars are arranged into systems. ‘ We may 
conclude,’ ho said, ‘ that tile stars arc really collected together in clusters in 
some places, where they form a kind of systems ; Whilst in others there are few 
or none of them, to whatever cause this may be owing, whether to their mutual 
gravitation or to some other law or appointment of the Creator.’ 
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whereas Alpha and Eta are moving much as they would if 
the Sun’s motion were alone in question, the other five are 
all moving at one and the same rate (on the star-sphere, 
that is) in almost the exactly opposite direction. Moreover, 
a small star close by Zeta (the middle horse), a star known 
to the Arabian astronomers as the ‘ Test,’ because to see this 
star was held a proof of good eyesight, is moving in the 
same direction and at the same rate as Zeta and the rest of 
this set. And besides this star (which has also been called 
Jack by the Middle Horse), Zeta has a telescopic companion 
which accompanies him in his motion on the celestial 
sphere. 

After a careful consideration of these circumstances, and 
an analysis of the probabilities in favour of and against the 
theory that the concurrence of apparent motion was merely 
accidental, I came to the conclusion that the five large stars 
and the two smaller ones form a true drifting set. I found 
that, on a moderate computation, the odds were upwards of 
half a million to one against the concurrence being 
accidental; and since I had recognised other instances of 
concurrence not less striking, I felt that it was morally 
certain that these stars belong to one star-family. 

The reader will perhaps not be surprised to learn, how¬ 
ever, that before publishing this conclusion I submitted it 
(in July 1869) to one who was, of all men, the best able to 
pronounce upon its significance—the late Sir John Herschel. 

I have the letter which he sent in reply (dated August 
1, 1869), before me as I write. The part relating to my 
discovery runs as follows :— 4 The considerations you adduce 
relative to the proper motions of the stars are exceedingly 
curious and interesting. Of late years catalogues have gone 
into much detail, and with such accuracy that these motions 
are of course much better known to us than some twenty or 
thirty years ago. The community of proper motions over 
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large regions (of ■which you give a picture in Gemini and 
Cancer) is most remarkable, and the coincidence of proper 
motion in Jleta, Gamma, Delta, Epsilon, and Zeta Urs® 
Majoris most striking. Your promised paper on .this subject 
cannot fail to be highly interesting. 51 

In a letter written on May 11, 1870, anrl referring not 
to another letter of mine, but to my ‘ Other Worlds,’ Sir .. 
John Hersehel remarked, * the cases of star-drift such as 
that in Ursa Major are very striking, and richly merit 
further careful examination.’ . 

My first public expression of opinion respecting the star- 
drift in Ursa Major was conveyed in the following terms ~ 

‘ If these five stars indeed form a system (and-1 can see no 
other reasonable explanation of so singular a community of ' 
motion), the mind is lost in contemplating the immensity 
of the periods which the revolutions of the components of 
the system must occupy. Madler had already assigned to 
the revolution of Alcor around Mizar (Zeta U.rste) a period 
of more than .7,000 years. But if these stars, which appear 
so close to the naked eye, have a period of such length, 
what must be the cyclic periods of stars which cover a range 
of several degrees upon the heavens.’ (From Zeta to Beta 
is a distance on the heavens of about nineteen degrees.) 

4 The peculiarities of the apparent proper , motions of the 
stars,’ I added, ‘ lend a new interest to the researches which 

1 He proceeds as follows (tlie passage is removed from the main text as re¬ 
lating to a different branch of the subject):—‘I cannot, say that I am at all 
surprised at its being found that the average proper motions of stars of small 
magnitudes is not less than those of large, considering (as I have always done) 
that the range of individual magnitude (i.e\ lustre) must be so- enormous that 
multitudes of very minute stars may in fact bo our very near neighbours.’ 
Compare my paper on 1 The Sun’s Journey through Space,* above referred 
to, which pa,per also deals with the point touched on in the next sentence of 
Sir .John Herschel’s letter :—‘Your remark on the conclusion I have been led 
to draw relative to the small effect, of the correction due to the sun’s proper 
motion, will require to be very carefully considered, and I shall of course give 
it every attention,’ 
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Dr. Huggins is preparing to make into the stellar proper 
motions of recess and approach.’ 1 

But a few months later, in a lecture delivered at the 
Royal Institution, I pointed out more definitely what result 
I expected from Dr. Huggins’s researches. { Before long,’ I 
said, ‘ it is likely that the theory of star-drift will be sub¬ 
jected to a crucial test, since spectroscopic analysis affords 
the means of determining the stellar motions of recess and 
approach. The task is a very difficult one, but astronomers 
have full confidence that in the able hands of Dr. Huggins 
it will be successfully accomplished. I await the result with 
full confidence that it will confirm my views.’ 2 

It will be manifest that if the five large stars in Ursa are 
really travelling in the same direction, then, when Dr. 
Huggins applied the new method of research, he would find 
that, so far as motion in the line of sight was concerned, 
these stars were either all receding or all approaching at the 
same rate, or else that they were all alike in showing no 
signs of any motion, either of recess or approach. 

But in the meantime there was another kind of evidence 
which the spectroscope might give, and on which I formed 
some expectations. If these stars form a single system it 
seemed likely that they would all be found to be constituted 
alike—in other words, that their spectra would be similar. 
Not indeed that associated stars always display such 
similarity. Indeed the primary star of a binary system not 
unfrequently exhibits a spectrum unlike that of the small 
companion. But the five large stars in Ursa, being 
obviously primary members of the scheme they form, might 
be expected to resemble each other in general constitution. 
Moreover, since the stars not included in the set—viz., 

1 ‘Proceedings of the Royal Society,’ January 20, 1870, pp. 170, 171. 

2 ‘Report of the Royal Institution of Great Britain,’ Weekly Evening 
Meeting, Priday, May 6, 1870, p. 7. 
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Alpha and Kia—might be regarded as probably very much 

nearer or very much farther away,, it was to he expected 
(though not so confidently) that these twohtars "Would have 
spectra unlike the spectrum common (on the supposition) 
to the five stars. ' ~ 

How, Seechi announced that the stars of the Great Bear, 
witl). the exception of Alpha, have spectra belonging to the 
same type as the spectrum of the bright stars Sirius, Vega, 
Altair, Hogulus, and Bigel. This result was in very pleasing 
accordance with the anticipations I had formed, except that 
I should rather have expected to find that the star Eta had 
a spectrum unlike that of the remaining five stars of the 
Septentriones. Moreover, as the stars belonging- to this 
particular type are certainly in many eases, and probably 
in all, very large orbs 1 (referring hero' to real magnitude, 
not to apparent brilliancy), the inference seemed fairly 
deducible that the drifting five stars are not nearer than 
Alpha, and therefore (since we have seen that it is unlikely 
that all the Septentriones lie at nearly the same distance) 
the inference would be that .the drifting stars lie much 
farther away than the rest. 

It remained, however, that the crucial test of motion- 
measurement should be applied. 

In the middle of May last I received a letter from Dr. 
Huggins announcing that the five are all receding from 
the earth. In all the hydrogen line called F, is ‘strong 
and broad.’ In the spectrum of Alpha the line F is ‘not 
very strong ’ (so faint, indeed, Dr. Huggins afterwards 
informed me, that he preferred to determine the stars 
motion by one of the lines clue to magnesium in the star’s 

1 Sirius demonstrably gives out much more light than our Sun, and ac¬ 
cording to tho best determinations of his distance he must (if his surface is of 
equal intrinsic lustre) be from 2,000 to 8,000 times larger than the Sun. Vega, 
Altair, and Rigol are also certainly larger and may be very rntiek larger than 
our Sun. 
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atmosphere. He found that Alpha is approaching. As 
to Eta, Dr. Huggins remarked that the line at F is ‘ not 
so strong or so broad ’ as in the spectrum, of ‘ the five.’ 
He was uncertain as to the direction of motion, and men¬ 
tioned that s the star was to be observed again.’ He 
subsequently found that this star is receding. But whereas 
all the five are receding at the enormous rate of 20 miles 
per second, Eta’s recession was so much smaller that, as 
we have seen, Dr. Huggins was unable to satisfy himself 
at a single observation that the star was receding at all. 

It will be seen that my anticipations were more than 
fulfilled. The community of recessional motion was ac¬ 
companied by evidence which might very well have been 
wanting—viz., by the discovery that neither Eta nor Alpha 
shared in the motion. Moreover, the physical association 
between the five stars was yet further evidenced by the 
close resemblance found to exist between the spectra of the 
five stars. Dr. Huggins remarked in his letter, £ My ex¬ 
pectation had nothing to do with the above results. At 
the moment, I thought Alpha was included in the group, 
and was therefore a little disappointed when I found Beta 
going the opposite way.’ 

We have at length, then, evidence, which admits of no 
question—so obviously conclusive is it—to show not only 
that star-drift is a reality but that subordinate systems 
exist within the sidereal system. We moreover recognise 
an unquestionable instance of a characteristic peculiarity 
of structure in a certain part of the heavens. For, though 
star-drift exists elsewhere, yet every instance of star-drift 
is quite distinct in character—the drift in Cancer unlike 
that in Ursa, and both these drifts unlike the drifts in 
Taurus, and equally unlike the drift in Aries or Leo. Much 
more, indeed, is contained in the fact now placed beyond 
question, than appears on the surface. Bightly understood, 
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it exhibits the, sidereal system itself as a scheme utterly tin-' 
like what has hitherto been imagined. The vastness of 
extent, the variety of structure, the complexity of detail, 
and the amazing vitality, on which I have long insisted, 
are all implied in that single and, as it were, local feature 
which I had set as a crucial test of my theories. I cannot 
but feel a strong hope, then, that those researches which 
my theories suggest, and which I have advocated during 
the last few years, will now be undertaken by willing observers. 
The system of star-ganging, which the Herschels did little 
more than illustrate (as Six W. Herschel himself admitted), 
should be applied with telescopes of different power to the 
whole heavens, 1 not to a few telescopic fields. Processes of 
charting, and especially of equal-surface charting, should be 
multiplied. Fresh determinations of proper motion, should 
be systematically undertaken. All the evidence, in fine, 
which we have, should be carefully examined, and no efforts 
should be spared by which new evidence may be acquired. 
Only when this has been done will the true nature of the 
galaxy be adequately recognised, its true vastness gauged, 
its variety and complexity understood, its vitality rendered 
manifest. To obtain, indeed, an absolutely just estimate of 
these matters, may not be in man’s power to compass; but 
be may hope to obtain a true relative interpretation of the 
mysteries of the stellar system. If any, astronomer be 
disposed to question the utility or value of such researches, 
let him remember that Sir W. Herschel, the greatest of all 
astronomers, set 4 a knowledge of the constitution of the 
heavens,’ as ‘the ultimate object of his observations’ - ■ 

1 This is a work in which telescopes of every order of power would' be 
useful The observations, also, would be very easily made and would tell 
amazingly. . • 

From the Popular Science Review for October 1872. 
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It is well known that, according to the theory of the universe 
enunciated by Sir W. Herschel in 1785,—that theory which 
is commonly, but erroneously, described as the outcome of 
his labours amid the star-depths,—the stars visible to the 
unaided eye are included within a space which bears an 
exceedingly minute proportion to the dimensions of the 
galaxy itself. Herschel’s original drawing of a section of 
the galaxy—as conceived by him in 1785—is before me as 
I write. It extends across a folding sheet in a quarto 
volume. On the same scale, he says, the distance of the 
nearest fixed star would be no more than the 80th part of 
an inch, ‘ so that probably all the stars which in the finest 
nights we are able to distinguish with the naked eye may 
be comprehended within a sphere,’ in the middle of this 
picture of our galaxy, ‘ of less than half a quarter of an 
inch radius .’ 

• It was with reference to this view that in the paper 
called ‘ Notes on Star Streams,’ which forms the first 
of the present series, I pointed out that the stars of 
the first five orders of magnitude, only, show too marked 
a tendency to follow the direction of that great star-stream, 
the Milky Way, for the flat-disc theory to be admissible. 
I then noted,—and I am careful to mention the point, 
because objections have been urged which would imply 
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that I had forgotten it,—that the first five orders of stars 
could give but very imperfect evidence if the accepted 
views about star distribution were just. But ‘ it is on that 
very fact, 5 I added, ‘ that I wish to dwell. If any connexion 
does appear between the configuration of our galaxy, and 
the arrangement of stars which are assumed to be much 
nearer to us than the Milky Way, it will be obvious that 
we must somewhat modify our views.’ 

I was not then aware that the astronomer Piazzi had 
noted the same fact,—though he had _ dealt rather with 
statistical evidence than with the more direct evidence I 
adduced from my star-charting. Nor was ,1 then aware 
that Struve had followed up Piazzi's hint in the introduction 
to the £ Catalogus Begiomontanus, 5 and that he iiad been led ■ 
to precisely my own conclusion,—viz., that the observed 
distribution of the stars of the leading orders of magnitude 
is incompatible with the accepted or text-book theory of 
the Sidereal System. Still less was I then aware, though 
I had carefully read through all Sir W. Herschel’s papers 
on the heavens, that in his later papers he virtually aban¬ 
doned the theory of 1785. This fact had wholly escaped 
my notice, as I believe it escapes the notice of nearly all 
who give to those papers but a single perusal, however 
carefully that perusal may be made. It was only on a 
careful re-investigation of the whole series of Sir W. 
Herschel’s papers (well worth and indeed requiring many 
readings) that I observed how completely his views changed 
some fifteen years or so after the enunciation of the theory 
of 1785. Somewhat later I found that Struve had been 
led, by a second reading of Hersehel’s papers, to a similar 
conclusion. For, in his ‘ Etudes d’Astronomie Stellaire, 5 in 
which he extended his statistical inquiries to stars down to 
the 9th magnitude, he remarks that he ‘ had been chiefly 
led to this ulterior discussion by a re-examination {une 
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nouvelle etude) of the memoirs of Sir W. Herschel,’ which 
‘ has led me to the conviction,’ he adds, that my actual 
ideas respecting the Milky Way are only opposed to Herschel’s 
theory of 1785, but agree very well with the later views 
(sont extremement conform.es aux vues posterieures) of 
that great astronomer.’ 

The researches I am now dealing with may be regarded 
as an extension of Struve’s inquiry; only that whereas he 
employed a method of statistical research, I have preferred 
the method of actual charting to which I have adhered 
throughout these inquiries—whether I have dealt with stars 
or nebulas. I believe that star-charting, appealing as it does 
directly to the eye, and presenting not only general features, 
but those minor details which the statistician is obliged to 
neglect, is well worth the increased labour which it involves. 

In order that the bearing of the present inquiry on 
Struve’s, as well as on the Herschelian star-gauges, may be 
rightly apprehended, it will be as well to note what Struve 
and the Hersehels actually accomplished, the more so that 
mistaken notions are very prevalent on the subject. 

For instance, with respect to the star-gaugings, the 
opinion is not uncommonly entertained that the whole sphere 
of the heavens was surveyed or gauged by the Hersehels. 
Many persons seem unaware of the fact that such a survey 
would have been quite impracticable even though these 
great astronomers had been able and willing to give their 
whole time to the work. When we remember that the 
labour actually bestowed by the Hersehels on their star- 
gaugings bore but a minute proportion to that which tliey 
bestowed on other and more difficult researches, we nee4 hot 
he surprised to find that the portion of the heavens actually 
gauged was exceedingly small compared with the whole 
surface of the celestial sphere. To afford an idea of the real 
extent of the Herschelian gauges, the following illustration 
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conceiving the stars of the various orders of magnitude to 
be distributed at corresponding distances from the centre of 
the celestial sphere. 

With all respect for the eminent abilities of the great. 
Russian astronomer, I venture to point out that there are 
very grave objections to his method of research. The spaces 
into which he divided the heavens were inordinately large: 
each, in fact, extending 15° in right ascension and 30° in 
polar distance. .To take averages for divisions so extensive 
must surely be regarded as unsatisfactory. 

Moreover, the galaxy, regarded by Struve as a zone of 
stellar concentration, runs obliquely across his wide equatorial 
zone, a circumstance obviously tending to render his results 
less instructive than they might otherwise have been. He 
notes this himself in accounting for the absence in his 
statistical results of all signs of the division of the galaxy. 

Lastly, as the main result of Struve’s inquiries was to 
exhibit the want of uniformity in stellar distribution over 
the equatorial zone, his assumption of a uniform distribution 
in the plane of the equatorial disc, must be regarded as 
venturesome in the extreme. 

As respects the construction of the chart, specimens from 
which form Plates XI. and XII., I need here say little, because 
I have elsewhere adverted to the points which seem of chief 
importance. I would note, however, that the pencilled divi¬ 
sions on this projection represent spaces on the sphere 
averaging in extent one 280th part, only, of those into which 
Struve divided his equatorial zone. Each space, also, was 
filled in, not according to the mere number of stars, but 
very carefullly by an eye-draught from the corresponding 
space in Argelander’s charts. That I might not be influenced 
by the natural tendency (as Sir John Herschel calls it) to 
‘ exaggerate any peculiarity which might at the moment 
seem a feature,’ each meridional sector, 5° wide, was covered 
M 
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over as soon as it was completed. The work when once 
commenced was carried on without intermission (except for 
rest and food), all other work being set aside. The necessity 
for tills will be obvious when it is remenabered that if the 
work had been left even for a few days only, the probability 
js that, on returning to it, I might have somewhat modified 
the scale of star-magnitudes, a circumstance which would 
have rendered all the work valueless. Even as it was, I 
found continual watchfulness necessary lest any change in 
the style of the work should be unwittingly admitted. It is 
not easy to work at a star-map for six or seven weeks in 
succession without changing the style or character of the 
charting; and I found it quite impossible to complete the 
chart in less than six or seven weeks. In fact, it is only 
necessary to compute the time required for marking in the 
stars to see that the work could not readily he compressed 
into a shorter interval of time. At the moderate rate of one 
minute for ten stars, 32,400 minutes, or 540 hours, would be 
required; but the time actually occupied amounted only to 
400 hours. I was pleased to find that along the line, in 
which the last day’s work was brought up to the first day’s, 
no signs of any change in the style of mapping could be 
noticed. Had the star-magnitudes been enlarged or di¬ 
minished in the interval, a sharp line of demarcation would 
unquestionably have been recognisable. , As it is, I think I 
may defy the acutest observer to determine along what radial 
line the work began and ended. 

So much being noted, in order that the trustworthiness 
of the chart may be sufficiently established, I will now briefly 
sum up the results to which the careful study of the chart 
appears to lead. ' , , 

In the first place, Struve’s general conclusion that the 
stars of the first nine or ten orders of magnitude are more 
densely aggregated along the galactic zone is abundantly 
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justified. 1 But instead of a gradual increase of density such 
as his statistics suggested, we recognise in the chart a 
distinctly marked aggregation within those very regions of 
the heavens where the Milky Way is brightest to the eye. 
In other words, we have clear evidence that it is not towards 
a certain zone that the stars are gathered, hut into those 
irregular cloudlike masses, those streams, projections, and 
interlacing branches which constitute the Milky Way, as it 
is actually presented on clear nights to our study. 

Let me quote here—in correction of that account of the 
Milky Way which is too often presented in our text-hooks— 
the description which Prof. Nichol has given of that wonder¬ 
ful star region. ‘It is, indeed, only to the most careless 
glance,’ he justly says, ‘ or when viewed through an atmo¬ 
sphere of imperfect transparency, that the Milky Way seems 
a continuous zone. Let the naked eye rest thoughtfully on 
any part of it, and if circumstances be favourable, it will 
stand out rather as an accumulation of patches and streams 
of light of every conceivable variety of form and brightness ; 
now side by side; now heaped on each other ; again spanning 
across dark spaces, intertwining, and forming a most curious 
and complex net-work; and at other times darting off into 
the neighbouring skies in branches of capricious length 
and shape, which gradually thin away and disappear.’ 

It will be seen that the aspect of the star-groups in the 
chart accords in the most significant manner with this 
description. 

I would note, next, a circumstance which at first some¬ 
what surprised me. The densely crowded regions in the 
chart show certain very well-marked projections in Perseus 

* It is to be noticed that ArgelaDder’s magnitudes differ from those em¬ 
ployed by Sir John Herschel. According to the nomenclature of the English 
astronomer my chart shows all stars down to the eleventh magnitude in¬ 
clusive. 
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and Auriga, oft the northern side of the galaxy,. Sir John 
Jferschel, in hi;- account of the Milky Way, mentions no 
such projections. But something in the aspect of these 
projecting masses seemed familiar tome so soon mJ studied 
(he. complete chart. At length 1 was led to examine the 
'Milky Way as depicted in the maps constructed by Sir John 
fmbbock. In my Gnomouic charts I had followed that 
figure of the galaxy, and I had. used.the same delineation in 
a work now' out of print, called the ‘ Constellation Seasons.’ 
On turning to my own drawings in these works. I found the 
very projections whose appearance had seemed familiar to me, 
as well as a long projection on the southern side of the 
Milky Way in Perseus, extending, from Algol towards 
Andromeda. This projection also follows the direction of a 
declination-parallel, and its form is very clearly to lie recog¬ 
nised in the chart. In the key-map I have shown these 
projections on opposite sides of the Milky Way in Perseus. 

In the chart, however, we see these projections carried 
much further away from the main branch. We see, also, 
that from the other half of the Milky Way between Cepheus 
and Aquila there are similar extensions curving round on the 
northern side to a considerable distance from the main branch. 
One of these traverses Lyra and curves round almost to Ursa 
Major; another passes round from Hercules to Corona; 
while we note that the discontinuous branch which the naked 
eye recognises as extending from Cygnus to Ophiuchus is 
carried round towards Bootes. 

Amongst these branching extensions there is, in places, so 
singular a tendency to agreement with declination-parallels, 
that the question may well suggest itself whether the 
peculiarity is not due to some feature in the construction of 
the maps—some bias, as it were, by which I might have been 
led to parallelise the star-grouping in this particular way; 
for plainly the north pole of the sky has no relation whatever 
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to the construction of the stellar heavens. I am able to assert, 
however, with the utmost certainty of conviction, that 
nothing in the construction of the maps can explain the 
peculiarity. The original chart was most carefully divided 
into 26,400 spaces, each very small therefore, and the average 
number of stars to each space was but eighteen. These 
spaces were severally much smaller, both in length and 
breadth, than the cross-section of these branching extensions ; 
so that even the most unpractised draughtsman, working in 
the most careless manner, could not have been so biassed 
that these curved branches could be thus explained away. 
As I have had some degree of practice in star-charting, and 
as, further, every portion of this chart was drawn as though 
it were forthwith to be subjected to the severest and 
most critical scrutiny, it will be understood how utterly 
impossible it is that so marked a peculiarity can have the 
imagined explanation. 1 

Apart from this, the curved branches will be found, on a 
close scrutiny, not to agree exactly with the direction of 
declination-parallels; and all of them can be traced in. 
Argelander’s large charts, when these are carefully studied. 

A circumstance of some interest is to be recognised in 
the fact that these branching extensions are found to lead, 
in almost every instance, towards regions of the heavens 
where many nebulae exist. 

The rich stellar region of Orion, as well as the Hyades 
and Pleiades, are shown to be intimately associated with the 
Milky Way. 

In conclusion, I may remark that although the results 
to which this chart seems to point may appear altogether 

1 This does not preclude the possibility that there may be in places a ten¬ 
dency to ‘ meridional ’ or ‘ parallel ’ graining, so to speak; but of a much finer 
nature than the peculiarity referred to in the text, and in no way affecting the 
chart’s real significance. 
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opposed (o accepted view? respecting the construction of the 
li'-f»vrn«, they mv.ort] exceedingly wdJ with the enlarged 
view- foihy Hir W. flerschel towards the close of his 
career as an ob.-erver, 1 and even bdier with the views towards 
which hi.- lale.r rooarehes jtom-Ud. The inode of row-arch I 
have adopt..;/] is altogether new, and it is one which seems 
more likely to lead to clear views of the construction of the 
Jo avens Hum any yd- employed ;; for it. presents before the 
eye at, one view what hitherto has had to lx* inferred from 
tabulated figures. It is capable of a far wider extension, 
however; and T could wish that others who have more leisure 
than I can afford would aid in this interesting branch of 
inquiry. To such I would repeat, the words by which Sir 
John Herscbel, two years ago, encouraged me to fresh 
Inquiries : ‘ Be not deterred, 5 he wrote on August 1, 1869, 

‘from dwelling closely and consecutively on these inquiries, 
by any idea of their hopelessness which the objectors against 
“paper astronomy ” may entertain, or by the real'slenderness 
of the material threads out of which any connected, theory of 
the universe has at present to be woven.’ 

! I except tho papers of 1817 and 1818. . 

1'Vom the Monthly Notices of the Royal Astronomical Society, Hfwmber.lST)» 
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In the maps which illustrate my papers on the distribu¬ 
tion of the nebulae, in my ‘Essays on Astronomy,’ the 
nebulae are not shown in their true places, but are simply 
arranged according to their numerical distribution in spaces 
having given limits in R.A. and Dec. While engaged in the 
construction of these maps, it occurred to me that con¬ 
siderable light might perhaps be thrown on questions relating 
to stars and nebulae, if maps were constructed on an adequate 
scale, showing the stars down to telescopic orders of 
magnitude, and all the known nebulae, properly placed. It 
is clear that to construct such maps for the whole heavens 
would be a work involving several months of labour, and it 
is seldom that I can find even a few hours of leisure for such 
work. I have, however, begun to prepare maps of the most 
interesting nebular regions, and I now present two such 
maps—one showing the rich nebular region in the wing of 
Virgo, the other the rich region in Coma Berenices. The 
former map contains upwards of 250 nebulae, the latter con¬ 
taining some 80; and in both maps all the stars in 
Argelander’s series of charts (corrected for precession, so as 
to accord with the date of Sir John Herschel’s Catalogue of 
Nebulae) have been included. Thus the maps show all the 
stars down to Herschel’s 11th magnitude, or to the magni¬ 
tude intermediate to Argelander’s 9th and 10th. 1 

1 I say down to these magnitudes; but there are many who prefer to spent 
of the fainter orders of stars as belonging to the higher orders of magnitude. It 
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The larger map (fig. 14), extends from 12 h 0 m to 12 h 45 m 
in R.A., and from the equator to 20° in north declination. 
Thus it covers about -j-J-jth part of the whole heavens, and 
the average proportion of nebulae for that extent of surface 
would be about 28. Since it contains more than 250, its 
relative richness is unmistakable. 

The smaller region (see fig. 15), extends from 12 h 32 m to 
13 h 12 m in R.A., and from 23° to 38° in north decimation. 
In the most northerly part of the map, however, the range 
in R.A. is about a degree and a half greater. The area is 
about -jjtyth part of the heavens. The average proportion 
of nebulae would be 15, the actual number is more than 
five times as great. 

In drawing these maps, I have been much struck by a 
circumstance which may perhaps not seem particularly well 
marked on a casual examination of the maps, but which has 
a real existence nevertheless. The stars are not arranged 
uniformly over either region, but to some degree clusteringly 
with interspersed spaces relatively vacant. Now no nebulse 
appear in the more vacant spaces, nor do nebulse appear 
chiefly where the stars are most clustered. It is on the 
borders of star-clusterings, and in the breaks of star-streams, 
that the nebulse show themselves, precisely as though they 
had taken the place of stars where star-matter began to 
fail. 

This result is in agreement with what Sir W. Herschel 
observed as to the relation between nebulse and the fainter 
telescopic stars; for it was not in absolutely starless regions 

■would be well that some definite rule should be adopted in this matter. My 
own sole reason for speaking of the brighter orders as the higher orders is, that 
I find that mode of speaking to be more in accordance with ordinary ideas on 
the subject than that which calls a very faint star a star of a high order of 
magnitude. Authority is divided on the subject, some astronomers adopting 
one mode of speaking, while others use the other. Hence some confusion is 
apt to result. 
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I cannot but regard the relation here stated to exist in 
the maps as full of significance. After going carefully over 
the whole ground in mapping, I have become convinced that 
the peculiarity has a real existence, that it cannot be ascribed 
to chance. The peculiarity recognised by Sir W. Herschel 
is equally striking, and we know that he was by no means 
disposed to regard it as merely accidental. Taking the two 
features, or rather the two forms of one and the same feature, 
into due account, it seems to me impossible to doubt that 
there is in these regions a real association between nebulae 
and stars. The nebulae here, at any rate, would seem not to 
be external star-systems. 

If it should at any time become possible to compare the 
proper motions of these nebulae (some of which are gaseous) 
with those of the stars—either the apparent proper motions 
in the heavens, or motions of recess or approach—evidence of 
importance might be obtained respecting the relative 
distances of stars and nebulae in these regions. I entertain 
very little question as to the result of such researches. I 
would not venture, indeed, to assert that any marked 
community of motion will be recognised when nebulae and 
stars are compared; but I feel confident that the average 
rate of apparent nebular motion will be found to correspond 
with the average rate of stellar motion, and that no dis¬ 
crepancy will be found to exist between the general character 
of the stellar and nebular motions in the direction of the line 
of sight. 

From the Monthly Kotices of the Astronomical Society for November 1872. 
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THE CONSTRUCTION OF THU HEAVENS. 

A kiiowkdgfi of the construction of the heavens 3ms always been the ultimate 
object of my observations.-—Bir W. Hbbschel (PM. Tmm, for 1811), 

It may appear strange, but is nevertheless strictly true, that 
though the name astronomy implies the science which deals 
with the laws of stellar distribution, yet astronomers as a 
body have given less attention to the discussion of these laws, 
or, in other words, to the solution of the problem of the 
construction of the heavens, than to any other department 
of their science. The observation of the stars has, indeed, 
occupied a large share of the labours of astronomers; but 
such observation has been directed to the exact determination 
of the position of individual orbs upon the vault of heaven. 
At the great public observatories the prosecution of such 
work'—the importance of which, be it understood, I am very 
far from questioning—has been the object of many years of 
patient labour by many hundreds of skilful astronomers: 
catalogues in which star places are recorded by hundreds of 
thousands are now in existence, and the magnitude, colour, 
proper motion, annual parallax, and other relations of 
multitudes of stars have been carefully indicated. But these 
labours have not been carried out for the purpose of obtain¬ 
ing information respecting the structure of the sidereal 
universe. They have all related to the recognition and 
accurate placing of individual stars; and indeed, it may be 
said, without exaggeration, that they have all been intended 
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to subserve terrestrial purposes rather than to expend our 
knowledge of celestial relations. 

And it is particularly remarkable how few of the astro¬ 
nomers whose names stand highest in the roll of scientific 
fame, have taken any considerable degree of interest in the 
problems presented hy the stellar heavens. Hipparchus and 
Ptolemy studied the stars in order to obtain information 
respecting the earth. Copernicus neither formed nor 
attempted to form any theory of the sidereal system. He 
expressed, indeed, the opinion that the universe of stars is 
spherical, but he based this opinion on considerations far 
removed from the actual study of the stars. Kepler, in like 
manner, did not direct his attention to the distribution of 
the stars, and the evidence which that distribution may 
afford respecting the constitution of the heavens; he, like 
Copernicus, expressed an opinion respecting the sphere of 
stars, but the opinion was based on fanciful analogies, not on 
observed facts. 1 Galileo limited himself to the observation 


1 His reasoning is so remarkable that I venture to quote it in this place, for 
it affords a very suggestive insight into the nature of Kepler’s mental organi¬ 
sation, especially when we consider that the work in which these ideas are put 
forward—the ‘Epitome’—was published partly in 1618 and partly in 1620, 
while the three laws of Kepler were published in 1609 and 1619; in'other 
words, that he was bringing out a farrago of fanciful and b.aseless speculations 
during the very period which saw him force from Nature the key to one of the 
noblest of her secrets. After explaining that the stars axe necessarily en¬ 
closed within the substance of a spherical shell having the sun at its centre, 
he proceeds to reason thus:—The radius of the concavity enclosing the sun is 
determined by a simple proportion. Saturn, the outermost planet, travels at a 
distance from the sun equal to 2,000 times the sun’s radius; therefore, by 
thp harmony of relations the distance of the sphere of the fixed stars is equal . 
to 2,000 times the distance of Saturn from the sun. But the thickness of the 
crystalline (the spherical shell enclosing the stars) can also be determined. 
All the matter of which the universe is formed is divided into three equal 
parts. One-third is included in the body of the sun; another third forms the 
substance of the planets and of the celestial ether which fills up the space 
within the sphere of the fixed stars ; the remaining third forms the crystalline. 
Now since the ether fills a space exceeding the sun’s volume 64 trillions of 
times [(4,000,000)|], its density must he proportionately small compared with 
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of the stars with his telescope, enunciating only the theory 
that the Milky Way consists of. a multitude of stars, as 
demonstrated by his telescopic researches, Hevelms did 
not discuss in any way the relations presented by the stars. 
Buyghens, however, in his ‘ Cosinotheoros/ made many 
judicious reflections respecting the stellar system, and ad¬ 
vanced opinions which were carefully based on Observed facts. 
We owe to him the definite enunciation of the theory that 
the stars are suns like our own,—probably, like it, the centre 
of planetary schemes. Huyghens, like his predecessors,failed 
to discuss attentively the configuration of the star groups, 
whether those seen by the naked eye or those revealed in the 
telescope, with the purpose of thence ascertaining the laws 
according to which the stellar universe is constituted. 
Newton, Halley, Flamsteed, and their contemporaries, paid 
in like manner very little attention, or none at alii to that 
stupendous problem, the solution of which Sir W. Herschel 
afterwards set before him as ‘the ultimate object of his 
observations.’ And passing at a step over the interval sepa¬ 
rating Newton’s day from our own times, it may be said that 
the Herschels and the elder Struve have been the only 
astronomers who have attempted to form broad and con¬ 
nected views respecting the structure of the universe, while 
only half-a-dozen names need be added, if we would include 
those, who have given attention to the subordinate problems 


his. And the density of the crystalline must be a mean between tbs sub's 
density and that of the ether. Thus the crystalline has a density 8,000 million 
times [(4,000,000)|] less than the sun’s; and as its mass is equal to the sun’s, 
its volume is 8,000 million times greater. Henco, since its inner diameter is 
known, it is easy to calculate its thickness, which is found to be equal to the 
6,000th part of the sun’s radius—or, according to nineteenth-century measure¬ 
ments, to about seventy miles. 

It would appear, as Struve points out, that Kepler in thus reasoning was 
chiefly striving to accommodate the Copernic&n theory with the ideas enter¬ 
tained in his day respecting the waters above the firmament spoken of in the 
Pentateuch, 
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associated with the great one of determining the laws of the 
sidereal system. 

But even more remarkable than the carelessness with 
which nearly all the great astronomers of the last three 
centuries have viewed this noble problem, is the fact that 
attention was first fairly called to the problem, and worthy 
attempts were first made towards its solution, by men who 
were not astronomers 1 in the true sense of the term, and 
whose names, with a single exception, remain in undeserved 
obscurity. How seldom do we hear the names of Wright, 

1 Lest this remark should be misunderstood, I may as well explain in what 
sense I use the word astronomer. I was somewhat roundly taken to task 
when in the first edition of my ‘ Other Worlds ’ I spoke of Whewell in one 
place, and of Humboldt in another, as not being astronomers. There cannot 
be any question that Whewell bad a clearer insight into many astronomical 
subjects than many who must be described as astronomers; and a like remark 
applies to Humboldt, Brewster, and others, as well as to those of whom 
I speak above. Yet it is impossible for any astronomer to read many consecu¬ 
tive pages of matter written on astronomical subjects by Whewell, Humboldt, 
Brewster, Kant, and others, without feeling that they were emphatically not 
astronomers. What then, it may be asked, is my definition of an astronomer ? 
It is one which immediately removes anything that might seem invidious in the 
distinction I draw between the above-mentioned eminent men, and others—not 
more eminent, some far less eminent—whom I should emphatically call astro¬ 
nomers. An astronomer is one who devotes the main portion of his scientific 
life and labour to the study of astronomy, either' generally or in some special 
department. This definition excludes, and, as I take it, properly excludes 
those who turn for a while from their special branches of research to the study 
of some special astronomical subject, however skilfully they may treat that 
subject. It also excludes those (and again, as I take it, the exclusion is right 
and proper) who have made all science their subject. But unlike other definitions 
which I have heard advanced, it does not exclude any class of astronomical 
workers or thinkers. If we take a familiarity with any special branch of astro¬ 
nomical lore, whether observational or mathematical, or theoretical or historical, 
as essential to the character of the true astronomer, we must in every ease 
exclude many who have given nearly the whole of their scientific life and 
labour to the advancement of the science of astronomy. We might thus adopt 
a definition excluding Adams and Leverrier, or another excluding Airy or 
Challis, or another excluding Huggins and De la Rue, or another excluding 
Dawes and Webb, and Knott and Browning. Newton could be excluded 
because he was not an observer of the heavens ; Sir W. Hcrschel because he 
was not an adept in manipulating the formulae of Laplace and Lagrange. In 
fine, we might successively exclude every student of astronomy that has ever 
lived, with perhaps the single exception of the younger Herschel. 
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Lambert, nrwl "Michel! associated with those of the IforscheD 
anil Struve; how seldom, indeed,'are'theymentioned at all; 
and if the name of Kant is held in high honour, bow little is 
this duo to its association with astronomical theories! Yet" 
I do not hesitate to say, that Wright, Kant, Lambert, and 
Midioil did more to advance men’s ideas respecting the eon- 
si,iiution of the sidereal universe than all the astronomers 
who lived before the time of Sir W. Ifcrscbel. 

Wo owe to Wright, of Durham, the enunciation of that 
theory of the universe which is so commonly presented in 
our text-books of astronomy, as representing the ‘ outcome,’ 
so to speak, of the labours of the elder Herschel. Nor did 
Wright simply enunciate that theory; he based it on, 
observation. All that, was hypothetical in his reasoning was 
the idea with which he started, that the stars are arranged 
with a certain general uniformity' throughout the sidereal 
system. c It seems inconsistent,’ he said, ‘ with the.harmony 
observed in all the other arrangements of Nature, that one 
scheme of stars should be arranged with perfect symmetry, 
while another is scattered irregularly.’ It is far safer— 
so Wright reasoned—to conclude that the incongruity 
between the aspect of the lucid stars and that of 
the Milky Way, is due only to the imperfect nature of 
our survey, both as respects extent of space and duration in 
time. c When we reflect,’ he proceeds, ‘ upon the various 
configurations of the planets, and the changes which they 
perpetually undergo, we may be assured that nothing but a 
like eccentric position of the stars could occasion such con¬ 
fusion among bodies otherwise so regular; in like manner 
we may conclude, that as the planetary system if viewed from 
the Sun would appear perfectly symmetrical, so there may, 
be some place in the universe where tbe arrangement and 
motions of the stars may appear most beautiful. If we 
suppose the Sun to he plunged in a vast stratum of stars of 
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inconsiderable thickness compared with its dimensions in 
other respects, it is not difficult to see that the actual 
appearance of the heavens may be reconciled with a 
harmonious arrangement of the constituent bodies pf such a 
system with respect to some common centre, provided it be 
admitted at the same time that the stars have all a proper 
motion* In such a system it is manifest that the distribu¬ 
tion of the stars, would appear more irregular the farther the 
place of the spectator was removed from the centre of the 
stratum towards either of the sides. It is also evident that 
the stars would appear to be distributed in least abundance 
in the opposite directions of the- thickness of the stratum, 
the visual line being shortest in those directions ; and that 
the number of visible stars would increase as the stratum 
was viewed through a greater depth, until at length, from 
the continual crowding of the stars behind each other, it 
would ultimately assume the appearance of a zone of light.’ 1 

It will be obvious that we have here a complete enuncia¬ 
tion of what has been called the Grindstone Theory of the 
stellar system. The theory is based by Wright on observed 
facts, precisely as it was afterwards based by Sir W. Herschel 
on other observed facts. Assuredly whatever credit apper¬ 
tains to the invention of the theory must be in justice 
ascribed to Wright, who thus in 1750 reasoned out and 
clearly described the views to which Herschel was led in 
1784. Wright, indeed, did not convince his contemporaries. 
Either they were unwilling to examine the reasoning he 
advanced, or they could not recognise its force ; but neither 
remissness nor slowness of apprehension on their part can 
afford just ground for depriving Wright of the credit due to 
his ingenious analysis of known facts. 

1 I have not followed here Wright’s actual text, not having present access 
to his work. The above passage is taken from the abstract of Wright’s theory 
in Professor Grant’s excellent ‘ History of Physical Astronomy.’ 
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Kant’s speculations, so far as they relate to the present 
constitution of the universe, must he regarded as simply, ah 
extension of Wright’s theories. Kant had read Wright’s 
work, the ‘ Theory of the Universe,’ which had been reprinted 
in a Hamburg journal of the year 1751, and he admits that 
Ids views respecting -the universe of stars were suggested by 
Wright’s theories ; hut he found himself unable to indicate 
‘to what extent his system is a reproduction, or amplification 
of Wright’s.’ There can be no question that unconscious 
memory had a much larger share, in the production of Kant’s 
ideas as published in .1755, than he himself (in the ab¬ 
sence of Wright’s' work to refer to) could probably have 
imagined. 1 The most important point to be noticed in 
Kant’s work is his extension of Wright’s speculations to other 
orders of systems than observation had yet revealed. Wright 
had considered that the nebulas indicate the existence of 
other systems, not necessarily like our own star system, hut 
of the same order in the scheme of creation. Kant con¬ 
sidered that these star systems are members of a new system 
of a higher order. ‘We trace here,’ he added, ‘the first 
terms of a series of worlds and systems, and these first terms 
of an infinite series enable us to infer the nature of the rest 
of the series.’ 2 * * 5 


1 Professor Huxley, in his fine essay on ‘Geological Reform,’ remarks that. 

Grant, in his ‘History of Physical Astronomy,’ makes but -the briefest refer¬ 

ence to Kant. The reason for this may probably be found in the circumstance 

that, in describing Wright’s ideas, Giant had already presented all those of 
Kant’s views which, could properly find a place in a history of physical astro¬ 
nomy. The student who is anxious to inquire into those more speculative ideas 
of Kant which are not to be found in Wright’s ‘ Theory of the Universe.' should 
refer to Kant’s original work, ‘Allgemeine Raturgesichte und Theorie des 
Himmels : oder Versuch von der Vorfassung und dem mechanischen nrsprunge 
des ganzen Woltgebiindes naeh Newton’schen Grundsatzen Abgehande.lt.’— 
Kant's Sammtliche Werke, Bd. i. p. 207. 

5 I omit all reference to the ideas of Wright, Kant, Lambert, and others, as 
to the existence of central suns, simply because those ideas Were purely 
speculative. I may add here, however, that analogy now no longer requires 
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Strangely enough, while Kant borrowed his views almost 
wholly, though unconsciously, from Wright, he seems to have 
been disposed to regard Lambert’s views—which in reality 
were unlike his own—as borrowed from himself. In his 
correspondence with Lambert, Kant remarked in 1763, that 
* the accordance between their ideas extended even to the 
most minute details.’ It will be seen, however, that in 
forming this opinion Kant misinterpreted the theses of 
Lambert. 

Lambert, like Huyghens, Wright, and Kant, regarded 
the stars as suns resembling our own sun in importance, and 
like it surrounded by planetary systems. Each sun with its 
family of planets formed in Lambert’s theory a system of the 
first order . He considered that our sun belongs to a vast 
globular group or cluster of stars, forming a system of the 
second order, including all those stars, spread over all parts 
of the heavens, which do not belong to the Milky Way. He 
further held that there are many systems of the second order, 
and that these are not distributed throughout all space, but 
are all found near a certain principal plane or mean level, 
and being ranged one behind the other to a great depth, 
form by their concourse the Milky Way. This is a system of 
the third order. Analogy suggests, he added, that there are 
in the universe many Milky Ways ; ‘ perhaps, for instance, 
the nebula in Orion may be a Milky Way, nearer to us than 
the rest. Should this be the case, telescopic research will 
reveal many others, forming together a system of the fourth 
order.'' And he proceeded thence to the inference that there 
may be systems of yet higher orders. 

It will be observed that in regarding the Milky Way as 
formed, not directly of the concourse of many stars, but of 

that we should consider every system as necessarily governed by a central 
orb. We now know from observation that many systems of orbs exist in 
space which have no denominating centre. 

n 2 
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the concourse of many clusters of stars, Lambert formed a 
totally different conception of its nature than Kant had 
adopt ed. JNor was this view of Lambert’s, any more than were 
Ins other opinions, merely speculative. He based.it on the 
observed irregularity of the Milky Way,‘on the different 
richness of its various parts, and on its branching figure. 
In passing, it may be observed that Lambert here anticipated 
conclusions to which Sir William Hersebel was led soon after 
he had abandoned the principle of star ganging. 

Lambert thus describes the grandeur of the universe of 
systems as pictured in his theory:—‘ How far soever we 
may extend the scale,’ he says, ‘ we must necessarily stop at 
last. And where ? At the centre of centres, at the centre 
of creation, which I should be inclined to terra the capital 
of the universe, inasmuch as thence originates motion of 
every kind, and there stands the great wheel in which work 
the teeth of all the rest. From thence the laws are issued 
which govern and uphold the universe ; or rather, there they 
resolve themselves into one law, of all others the most 
simple. But who would.be competent to measure the space 
and time which all the globes, all the worlds, all the worlds 
of worlds employ in revolving around that immense body— 
the Throne of Nature and the Footstool of the Divinity 1 
What painter, what, poet, what imagination is sufficiently 
exalted to describe the beauty, the magnificence, the 
grandeur, of this source of all that is beautiful, great, and 
magnificent; and from whence order and harmony flow in 
eternal streams through the whole hounds of the universe.’ 

Michell limited his attention to the lucid stars, not enun¬ 
ciating any complete theory respecting the galaxy. The 
most important of his theoretical views, or rather the most 
important of the facts which he established, 1 is that which 

1 Amongst the facts which hticheli established must be included the 
existence of binary star systems. Nothing can be more complete or demon- 
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relates to the existence of laws of arrangement (even among 
the stars visible to the naked eye), according to which 
the stars form systems, separated from each other by rela¬ 
tively vacant spaces. ‘We may conclude,’ he says, ‘that 
the stars are really collected together in clusters in some 
places, where they form a kind of systems; whilst in others 
there are either few or none of them, to whatever cause this 
may be owing, whether to their mutual gravitation or to 
some other law or appointment of the Creator.’ He then 
proceeds to inquire whether the sun ‘ likewise makes one of 
some system.’ He considers that this is probably the case, 
and he endeavours to separate those stars which probably 
belong to the same system as the sun from those which do 
not. 6 There are some marks,’ he says, ‘ by which we 
may with great probability include some and exclude 
others—while the rest remain more doubtful. Those stars 
which are found in clusters and surrounded with many 
others at a small distance from them, belong probably 


strative than Mickell’s reasoning on this subject; and I can conceive no 
reason why the credit of the discovery should be refused to the man who 
deduced it by exerting the noblest of human faculties—the power of abstract 
reasoning, in order that it should be handed over to another (however eminent) 
who deduced it from direct observation. It is true Michell failed to convince 
his contemporaries, and that his reasoning, if it had not been subsequently 
confirmed by Sir W. Herschel’s observations, might have remained to this day 
unappreciated, save by the few. But this does not do away with the fact that 
Michell’s demonstration was complete; and his credit ought not to be 
diminished because the many could not grasp the full value of the proof. A 
very slight extension of such a method of judging might deprive the Herschels 
in their turn of the credit now (as I think unjustly) assigned to them for the 
discovery, to make it over to the first person who (say) by obtaining photo¬ 
graphic records of double stars, should enable everyone to see for himself that 
one component circles around the other. Surely the reputation of the 
Herschels does not require that any credit should be assigned to them which 
is justly due to another. Michell has indeed been particularly unfortunate in 
such matters, since, to mention no other instances, the so-called Cavendish 
experiment for weighing the earth was not only devised by him, but the very 
instrument with which Cavendish conducted the experiment was constructed 
under Miehell’s superintendence. 



182 


THE UNIVERSE. 

to oilier systems and not to ours. And those stars which 
are surrounded with nebulas-are probably only very great 
stars, which upon account of their superior magnitude 
are singly visible, whilst the others which compose the., 
remaining parts of the same system are so small as to 
escape our sight. And those nebulae in which we .can 
discern only a few stars even with the assistance of the best 
telescopes, are probably systems which are still more distant 
than the rest.’ On the other hand, he inferred that those 
stars { which being placed at a greater distance from each 
other compose the larger constellations, and such as have 
few or no smaller stars near them when- examined with 
telescopes, belong probably to our own system. Variable 
stars he also regarded as in all probability members of the . 
system of stars to which our sun belongs : though the reason¬ 
ing on which he based this opinion is not such' as can now be 
admitted; for he considered their variations of brilliancy to 
be due to variations of distance (a cause which would 
necessarily be more effective in the case of stars relatively 
near to us); but we now know that this explanation is not 
the true one. He also judged red stars to be much larger 
and nearer than their apparent brightness Would suggest, 
and hence inferred that they also ' belong to the system of 
stars which includes oitr sun. 

In passing to the work of Sir W. Herschel as a student 
of the sidereal heavens, I cannot hut express some degree of 
surprise that so little has been done to bring the records of 
bis labours properly before the student of astronomy. His 
papers merely collected into a volume would form a most 
important accession to astronomical literature. But if 
suitably edited and illustrated by the work of his son, and of 
others who have succeeded in the same field of research, 
the volume would do more to advance the study of sidereal 
astronomy than any work which has been published during ’ 
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the last century. It must be added that nearly all that has 
'hitherto been done in making Herschel’s words and work 
public, has been rather an injustice to his memory than 
otherwise. It seems to have been supposed that his 
own account of his work might be treated as we should 
treat such a work as Sir John Herschel’s ‘Outlines of 
Astronomy,’ and that extracts might be made from any 
part of any paper, without reference to the position which 
that paper chanced to occupy in the complete series. It 
does not seem to have been noticed that not only was there 
a progression in the ideas as well as in the work of the 
great astronomer, but that there was a complete change in 
his opinions during the progress of his labours. Hence 
views expressed by him in his earlier papers are not uncom¬ 
monly in strong contrast with those which he advocated in 
later years; opinions which he regarded as certainly just at 
one time were rejected as most probably incorrect after a 
few years of fresh labour; and whereas in 1785 he enun¬ 
ciated with some definiteness a theory respecting the con¬ 
stitution of the universe, he not only abandoned this theory 
(implicitly) in 1811, not only gave up the very principles on 
which it had been based, but he did not consider himself in 
a position during any subsequent part of his career to state 
with the same degree of definiteness any theory whatever 
respecting the constitution of the heavens. 

It is to be premised, however, that even the theory of 
1785 1 is not properly described in our text-books of astro- 

1 It will be observed that I pass over the paper of the year 1784, in which 
Herschel first began to discuss the constitution of the heavens. That paper 
is so obviously a mere introduction of his subject, so obviously preliminary, 
that one cannot but be amazed to find how much stress is laid upon it in many 
works on astronomy, and especially among French writers. We doubtless 
owe this to Arago’s misapprehension of the purport of the paper. Struve has 
pointed out, also, very justly, that Arago lias miseontrued the details of 
Herschel’s theories. There scarcely exists, indeed, a less trustworthy account 
of Herschel’s works and theories than that given by Arago, whom yet many 
English writers accept as an authority on the subject. 
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nmny, and that some of the accounts which purport to he 
descriptions are the merest travesties of .the noble conceptions 
of Sir W. Herschel. - ' ■ - 

The sole point in the remarkable paper of i 785 which, 
seems in any degree to correspond with the account usually 
given, is the hypothesis on which - the principle of star- 
gauging is based. Herschel adopts a general uniformity of 
stellar distribution within the sidereal system as a means of 
forming some idea of the shape of that system. If there 
were actual uniformity, it would be sufficient to turn a 
telescope successively to different parts of the heavens, ,to 
obtain a sufficiently accurate, idea of the extension of the 
stellar system in those different directionsfor obviously, 
the farther away the boundary of the system might lie in any 
direction, the more stars would be seen in that direction. 
But though Herschel thus adopts a principle resembling that 
usually associated with the method of star-gauging, and 
though he arrives at a conclusion in some sense resembling 
that which has received the name of the Grinds tone Theory 
(though it would more properly be called the Cloven Disc 
Theory), yet it is only on the most cursory reading that 
either the principle of generally equable distribution, or the 
conclusion that our sidereal system forms a cloven stratum of 
stars, can be regarded as according with Herschel’s real views. 
He fully recognised the existence of -subordinate systems 
within our sidereal system. This is shown by his remark 
that it is c a very extensive, branching, compound congeries 
of many millions of stars, which most probably owes its 
origin to many remarkably large as well as pretty closely 
scattered small stars that may have drawn together the 
rest.’ 

Again, let the reader carefully study the following ex¬ 
tract from the paper of 1*785, and he will find that, whereas 
it is perplexing in the extreme if the sidereal system be re- 
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garded as a mete cloven stratum of stars, pretty uniformly 
distributed, it becomes perfectly clear (and wonderfully 
striking) when we remember that Herschel considered the 
Milky Way to be compound in structure and branching in 
figure:— 

‘ If it were possible to distinguish between the parts of 
an indefinitely extended whole, the nebula we inhabit might 
be said to be one that has fewer marks of profound antiquity 
upon it than the rest. To explain this idea, perhaps, more 
clearly, we should recollect that the condensation of clusters 
of stars has been ascribed to a gradual approach; and who¬ 
ever reflects upon the numbers of ages that must have passed 
before some of the clusters could be so far condensed as. we 
find them at present, will not wonder if I ascribe a certain air 
of youth and vigour to many very regularly scattered regions 
of our sidereal stratum.’ 

Yet more strikingly opposed to the common conceptions 
of Herschel’s earlier theory, is the following passage from the 
paper of 1785:—‘Our system after numbers of ages may 
very possibly become divided so as to give rise to a stratum 
of two or three hundred nebulas; for it would not be diffi¬ 
cult to point to so many beginning or gathering clusters in 
it. This view of the subject throws a considerable light 
upon the appearance of that remarkable collection of many 
hundreds of nebulae which are to be seen in what I have 
called the nebulous stratum of Coma Berenices. It appears 
from the extended and branching figure of our nebula, that 
there is room for the decomposed small nebulae of a large, 
reduced, former great one to approach nearer to us in the 
sides than in other parts. Nay, possibly, there might 
originally be another large joining branch, which in 
time became separated by the condensation of the stars ; 
and this may be the reason of the little remaining breadth 
of our system in that very place; for the nebulas of the 
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stratum of Coma are brightest and most crowded just oppo¬ 
site our situation, or in the pole of- our system. As soon as 
this idea was suggested,’ he adds, ‘ I tried the opposite pole, 
where accordingly I have met with a great number of 
nebulas, though under a much more scattered form.’ 

It will be quite obvious, I think, that Herschel enter¬ 
tained at this time ideas altogether different from those 
usually ascribed to him. In particular, it is to he noticed 
that he regarded the nebulae in two aspects at this, time. 
There were some which he- held to he parts of a much larger 
nebula, possibly parts of our own Milky Way. Others he 
held to he external Milky Ways, and therefore themselves 
made np of subordinate nebulas. At this stage of his career, 
however, he seems to have entertained no doubt as to the 
stellar character of any nebulae ; and it is to the ideas he 
thus early promulgated respecting the nebulae, that we must 
ascribe the common hut altogether erroneous opinion, that 
Herschel regarded all the nebulae as external galaxies of 
suns. He never entertained so general a theory as this ; but 
even the theory he did entertain in 1785 respecting some of 
the nebulse was modified ere long as respects a very large 
proportion of those objects. 

He had not changed his views, however, in 1789, when 
he compared the nebulas of various orders to plants in 
various stages of growth. The following passage does not, 
as has been asserted, relate to his hypothesis of the develop¬ 
ment of nebulae into stars, hut to the various orders of 
stellar systems. ‘ This method of viewing the heavens,’ he 
says, referring to the view that differences of antiquity may 
account for the different appearances of nebulae, 1 seems to 
throw them into a new kind of light. They now are seen to 
resemble a luxuriant garden, which contains the greatest 
variety of productions in different flowering beds; and one 
advantage we may at least reap from it is, that w r e can, as it 
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were, extend the range of our experience to an immense 
duration. For to continue the simile I have borrowed from 
the vegetable kingdom, is it not almost the same thing 
whether we live to witness successively the germination, 
blooming, foliage, fecundity, fading, withering, and corrup¬ 
tion of a plant, or whether a vast number of specimens, 
selected from every stage through which the whole plant 
passes in the course of its existence be brought at once to 
our view.’ 

But the time was approaching when Herschel was to 
form entirely new views respecting the constitution of the 
heavens. I pass over the paper of 1796—though if space 
permitted I might quote passages from it, suggesting in a 
very interesting manner the progression of Herschel’s ideas— 
and turn to the paper of 1802. There can be no mistaking 
the import of the following passages from this important 
paper :—‘ The stars we consider as insulated,’ says Herschel, 
c are also surrounded by a magnificent collection of innumer¬ 
able stars, called the Milky Way, which must occasion a very 
powerful balance of opposite attractions, to hold the inter¬ 
mediate stars in a state of rest. For though- our sun, and 
all the stars we see, may truly be said to be in the plane of 
the Milky Way, yet I am now convinced by a long inspection 
and continued examination of it that the Milky Way itself 
consists of stars very differently scattered from those which 
are immediately about us.’ . ... 1 On a very slight ex¬ 
amination it will appear that this immense starry aggrega¬ 
tion is by no means uniform. The stars of which it is 
composed are very unequally scattered, and show evident 
marks of clustering together into many separate allotments.’ 
. . . . ‘ The milky appearances deserve the name of cluster¬ 
ing collections, as they are certainly much brighter about 
the middle and fainter near their undefined borders. For in 
my sweeps of the heavens it has been fully ascertained that 
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tire brightness of the Milky Way arises only from stars; and 
tliat their compression increases in proportion to the bright¬ 
ness of the Milky Way.’ .... ‘We may - indeed partly 
ascribe the increase both of brightness and compression,’ 
in these clustering regions, ‘to a greater depth of the 
space which contains these stars: but this will equally tend 
to show their clustering condition; for, since the increase 
of brightness is gradual, the space containing the clusters in 
stars must tend to a spherical form if the gradual increase 
of brightness is to be explained by the situation of the 
stars.’ 

It was in this paper that Herschel first put forward the 
hypothesis that many nebube are formed of some substance 
possessing ‘ the quality of a self-luminous milky luminosity,’ 
and ‘ possibly at no great distance from us.’ But the require¬ 
ments of space render it advisable that I should leave un¬ 
touched the whole of those considerations which Herschel 
adduced, in this paper and elsewhere, in favour of his nebular 
hypothesis. 

That portion of Herschel’s. observing career- which we 
have now reached may fairly be regarded as including the 
most important of his researches into the constitution of the 
heavens. His mental powers were now at their prime. He 
had acquired great experience. His circumstances were such 
that he could give his whole attention to scientific work. 
Moreover, he had seen the importance of being -solely guided 
by known facts, since the theory which he had adopted 
more than a quarter of a century before (and almost in the 
beginning of his observations on the stars) had had to be 
abandoned. 1 

Nine years of earnest labour passed before he again spoke 
at any length on the subject of the star-depths. It will be 
admitted that we should attach especial value to the an¬ 
nouncements-he then made. Yet the striking words with 
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which he prefaces the paper of 1811 seem almost to have 
escaped notice:—‘ I must freely confess,’ he says, £ that 
by continuing my sweeps of the heavens my opinion of the 
arrangement of the stars and their magnitudes, and of some 
other particulars, has undergone a gradual change; and, 
indeed, when the novelty of the subject is considered, we 
cannot be surprised that many things formerly taken for 
granted should, on examination, prove to be different from 
what they were generally but incautiously supposed to be. 
For instance, an equal scattering of the stars may be 
admitted in certain calculations ; but when we examine the 
Milky Way, or the closely compressed clusters of stars, of 
which my catalogues have recorded so many instances, this 
supposed equality of scattering must be given up. We may 
also have surmised nebulae to be no other than clusters of 
stars disguised by their very great distance; but a longer 
experience and a better acquaintance with the nature of 
nebulae will not allow a general admission of such a prin¬ 
ciple, although undoubtedly a cluster of stars may assume a 
nebulous appearance when it is too remote for us to discern 
the stars of which it is composed.’ 

In the paper of 1811, however, Herschel does not (save 
in these prefatory remarks) consider the structure of the 
sidereal heavens. The paper is devoted exclusively to the 
discussion of the nebular hypothesis as to the formation of 
stars. It was not until 1814 that he endeavoured to extend 
his reasoning so as to include the subject of stellar 
grouping. ‘ The observations contained in this paper,’ he 
says in 1814,‘are intended to display the sidereal part of 
the heavens, and also to show the intimafe connection 
between the two opposite extremes, one of winch is the 
immensity of the widely diffused and seemingly chaotic 
nebulous matter; and the other, the highly complicated 
and most artificially constructed globular clusters of com- 
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pressed stars.’ In this paper he enters also into a discus¬ 
sion of ambiguous objects,—that is, objects ‘of such a con¬ 
struction or at such a distance from us, that the highest 
power of penetration which hitherto has been applied to 
them, leaves it undecided whether they belong to the class 
of nebulae or stars.’ 

But the chief interest of the paper of 1814 resides - 
(in my judgment) in the remarks which Herscbel makes 
respecting the clustering condition of parts of the heavens. 
He explains that his expression ‘forming clusters,’ was 
used ‘ to denote that some peculiar arrangement of stars in 
lines making different angles, directed to a. certain aggrega¬ 
tion of a few central stars, suggested the idea that they’ 
(the former) ‘ might be in a state of progressive approach 
to them ’ (the latter). ‘ This tendency of clustering seems 
chiefly to be visible in places extremely rich in stars. 
In order, therefore, to investigate the existence of a clus¬ 
tering power, we may expect its effects to he most visible in 
and near the Milky Way.’ I invite the reader’s special atten¬ 
tion to the circumstance that the Milky Way is here 
pointedly referred to as a stellar region distinct in its 
characteristics from the region of stars forming our constel¬ 
lations, In studying Herschel’s papers we have, to be ‘ 
continually on the watch for indications of the sort,, since he 
does not always judge it necessary to make definite assertions 
of his opinions on such points. 

He then describes the irregular clusterings of stars, 
noting in particular, that ‘though they are in general, very 
promiscuously scattered, they are yet sufficiently drawn 
together to show that they form separate groups,’ while 
in many places a falling off in the number of stars sur¬ 
rounding the clusters ‘ indicates a tendency to future 
insulation.’ ‘ Those which are in and very near the Milky 
Way,’ he says, ‘ may be looked upon as so many portions of 
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the great mass drawn together by the action of a clustering 
power, of which they tend to prove the existence.’ In 
describing the various orders of irregular clusters, Herschel 
is particular to notice rows and streams, ridges and 
shelvings, of stars, as indications of a preponderating cluster¬ 
ing power. 

It is most important to notice here that Herschel had not 
yet replaced the theory of 1785 by any complete new 
theory. 1 He says at the close of the paper of 1814—‘The 
extended views I have taken in this and my former papers 
of the various parts that enter into the construction of the 
heavens, have prepared the way for a final investigation of 
the universal arrangement of all these celestial bodies in 
space.’ He was now in his seventy-sixth year, however, 
and though .still in the full possession of his wonderful 
powers, the time that remained to him for investigating the 
universal arrangement of the heavens was short indeed, 
when the wideness of the subject is considered. But 
he was not even yet fully prepared to enter on the work. 
For he proceeds to mention as a reason for not doing so, 
that he is ‘ still engaged in a series of observations for 
ascertaining a scale whereby the extent of the universe, 
as far as it is possible for us to penetrate into space, may be 
fathomed.’ 

1 The careful Struve did not fail to recognise the distinction between the 
theory of 1785 and Herschel’s subsequent labours. ‘ Ou peut demander,’ he 
says, ‘ pourquoi les astronomes ont-ils maiutenu generalement l’ancien systeme 
sur la Voie Lactee, knonae en 1785, quoiqu’il eut et^ entierement abandoning 
par l’auteur lui-m6me comme nous l’avons demontre. Je crois qu’il faut en 
chercher l’explication dans deux circonstances. C’etait un systeme entier. 
imposant par la hardiesse et la precision geometrique de sa construction, et 
que l’auteur n’avait jamais revoque dans sa totalite. Dans ses traitds publies 
depuis 1802, on ne rencontre que des vues partielles, mais qui suffisent, 
en les comparant entre elles, a comprendre l’idee finale du grand astronome.’ 
I should, point out, however, that Struve somewhat over-estimates the 
precision of the theory of 1785, and that he also fails to notice the circum¬ 
stance that the papers of 1817 and 1818 are distinct in all respects from 
Herschel’s former work. 
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In Hie papers of 1817 and 1818, the last of the series, and 
written, be it remembered, when Herschel was in his seventy- , 
eighth and seventy-ninth years, he describes the principle 
hero .referred to, and its application to estimate the pro¬ 
fundities of various parts of the stellar heavens. The 
principle was essentially this—that the telescopic powers 
necessary to reveal and to resolve star groups, or particular 
star orders within groups, afford au indication of the dis¬ 
tance at which, those groups or orders lie. I conceive that 
no question can exist that the principle .is unsound, and that 
Herschel would himself have abandoned it, had he tested it 
earlier in his observing career, aiid when, not his mental 
power, but his mental elasticity, was greater than at the 
advanced age which he had now’ reached. I have not here 
space to enter into all the objections which present them¬ 
selves against it. Presently, in considering- Sir John 
Herschel’s theoretical views, I shall have to adduce a con¬ 
clusive instance of the un soundness of the principle. Let 
it here suffice to remark, that repeatedly in applying it, Sir 
W. Herschel found regions of the heavens very limited 
in extent, where the brighter stars (clustered like the 
fainter) were easily resolved with low powers, but where his 
largest telescopes could not resolve the faintest. These 
regions, if the principle were true, must be long spike- 
shaped star groups, whose length is directed exactly towards 
the astronomer on earth,-—an utterly incredible arrange¬ 
ment, even if we could believe in the dynamical possibility 
of such grouping. 

Herschel did not live to carry out that final investigation 
of the universal arrangement of all the celestial bodies 
in space which he had looked forward to in 1814, In 1820 
he read, as first President of the Astronomical Society, a 
paper on the double stars, and soon after bis health broke 
down, insomuch that, though he lived till 1824, he was ■ 
incapable of great or prolonged mental exertion. 
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Sir John Herschel’s labours among stars and nebulae were 
directed almost wholly to the completion of the survey of 
the heavens. I do not know that there is a single passage 
in his works in which he touches on the subject of the con¬ 
stitution of the heavens otherwise than as it were inci¬ 
dentally. He nowhere definitely enunciates a theory of the 
universe. 

Two circumstances, however, in Sir John Herschel’s work 
require to be attended to. 

The first relates to the distribution of the brighter orders 
of stars over the heavens. In his 4 Outlines of Astronomy,’ 
he says that the stars of these orders, including those down 
to, and those somewhat below, the range of the naked 
eye, increase largely in number as the Milky Way is 
approached. In his 4 Observations#at the South Cape,’ 
he asserts the reverse. 4 On a general view it appears,’ he 
says, ‘that the tendency to greater frequency, or the 
increase of density in respect of statistical distribution in 
approaching the Milky Way, is quite imperceptible among 
stars of a higher magnitude than the 8th, and except on 
the very verge of the Milky Way itself, stars of the 8th 
magnitude can hardly be said to participate in the. general 
law of increase. For the 9th and 10th the increase, though 
unequivocally indicated over a zone extending at least 30° 
on either side of the Milky Way, is by no means striking. It 
is with the 11th magnitude that it first becomes conspicuous, 
though still of small amount when compared with that which 
prevails among the mass of stars of magnitudes inferior to 
the 11th, which constitute 16-17ths of the totality of stars 
within 30° on either side of the galactic circle.’ He then 
adds as a conclusion, 4 following inevitably from this ’ (and 
this conclusion is to be carefully noted, since, if just, it is of 
the utmost importance), 4 that the larger stars are really 
nearer to us taken en masse, and without denying individual 
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exceptions, than the toaMer ones. Were this not the case, 
were there really among the infinite multitude of stars con¬ 
stituting the remoter portions of the galaxy numerous 
individuals of extravagant size and brightness, as compared 
with the generality of those around them, so as to overcome 
the effect of distance and appear to us as large stars, the 
probability of their occurrence in any given region would 
increase with the total apparent density of stars in that 
region, and would result in a preponderance of considerable 
stars in the Milky Way, beyond what the heavens really 
present, over its whole circumference.’ 

The discrepancy between the statements in the ‘ Out¬ 
lines ’ and in the 4 Observations ’ is so complete that I ven¬ 
tured to communicate with Sir John Herschel respecting it, 
though I was not witWrat a tolerably definite idea as to its 
origin. He replied as follows :—‘ I thank you for calling 
attention to that section in my‘‘ Outlines.” Undoubtedly 
there is a discordance of statements which requires cor¬ 
rection. But the appeal there ’ (that is, in the ‘ Outlines ’ ) 

‘ is rather to a vague naked-eye impression than to the 
statistical result of actual enumeration; and assuredly on a 
cursory view of the heavens on a clear night, stars down to 
the 7th and 8th magnitude do affect the eye, though we 
cannot fix them by reason of that strange law which curtails 
a star directly looked at of a very large aliquot part of its 
photometric effectiveness.’ It will he seen that Sir John 
Herschel here maintains at once the reality of the aggrega¬ 
tion of the brighter stars on the visible Milky Way, and the . 
justice of the statistics which related to the Milky Way re¬ 
garded as a zone. This is undoubtedly the true explanation 
of the matter, as my equal-surface ehartings have since 
abundantly demonstrated. The brighter orders of stars, 
down to the 11th, do unquestionably erowd upon the real 
Milky Way,— that altogether irregular region of star-streams 
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and star-clusterings which has been aptly compared to a hand 
of broken cirrus clouds; but if we lose sight of these irre¬ 
gularities, if we conceive of the Milky Way as of a uniform 
zone, and take the average distribution of the brighter stars 
over that zone, we no longer find that exceptional degree of 
richness, for the gaps and lacunce of the Milky Way are 
as poverty-stricken, notwithstanding their position in that 
imagined zone of richness, as the brighter parts are rich in 
respect of these higher orders of stars. But this explanation 
shows that the conclusion based by Sir John Herschel on the 
zone-statistics should be not merely abandoned but replaced 
by its converse. Let the reader carefully re-study it in the 
light of the above considerations, and he will see at once that 
this is the case. 

The second point to which I wou^| invite attention in Sir 
John Herschel’s work is his discussion of the phenomena 
presented by the two Magellanic clouds. His reasoning 
cannot be too carefully considered. It runs thus :—‘ Taking 
the apparent semi-diameter of the Nubecula Major as three 
degrees, and regarding its solid form as, roughly speaking, 
spherical, its nearest and most remote parts differ in their 
distance from us by little more than a tenth part of our dis¬ 
tance from its centre. The brightness of objects situated in 
its nearest portions, therefore, cannot be much exaggerated, 
nor that of its remoter much enfeebled, by their difference of 
distance: yet within this globular space we have collected 
upwards of 600 stars of the 7th, 8th, 9th, and 10th magni¬ 
tudes, nearly 300 nebulae, and globular and other clusters of 
all degrees of resolvability, and smaller scattered stars 
innumerable of every inferior magnitude, from the 10th 
to such as by their multitude and minuteness constitute 
irresolvable nebulosity, extending over tracts of many square 
degrees. Were there but one such object, it might be 
maintained without utter improbability that its apparent 
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sphericity is only an effect of foreshortening,, and that, in 
reality a much greater proportional difference of distance 
'between its nearer and more remote parts exists. But such 
an adjustment, improbable enough in one case, must be 
rejected as too much so for fair argument in two cases. It 
must therefore be taken as a demonstrated fact; that stars 
of the, 7 th < and 8th magnitude and imsolvahle nebuke may 
co-eseist ‘within limits of distance, not differing more in pro¬ 
portion than as nine to ten .’ 

I pass rto the work of the elder Struve, but shall only deal 
with that portion which relates to the distribution of the 
stars. , • - 

Having found reason to believe that stars of the brighter 
orders are more crowded on the Milky May zone than else¬ 
where, Struve tested f$|e matter by comparing the numbers 
of stars in different hours of right ascension in Weisse’s 
£ Catalogue ’ of 31,-085 stars, down to the 9tb magnitude, in¬ 
cluded between 15° north and 15° south of the equator. After 
estimating the numbers of stars which might be supposed to 
have escaped recognition in the different ‘hours,’ and so 
raising the total number of stars to 52,199 (of which 21,114 
were hypothetical), he found a marked excess of richness in 
the Milky Way £ hours.’ Thus, taking the four hours, 5, 6, 
7, and 8 (crossed centrally by the Milky Way near Orion), 
and the four hours, 17, 18, 19, and' 20 (crossed centrally by 
the Milky Way near Aquila), he found an average of 3,031 
stars for each hour; while the average for the remaining 
sixteen hours was but 1,747 stars. 

So far Struve’s procedure was legitimate enough. But he 
now extended his reasoning somewhat too daringly. For he 
first regarded all the stars in each hour division as gathered 
on the equator, though the divisions extended thirty degrees 
in declination, and having thus a fine equatorial ring of 
52,199 stars unequally rich in different parts, he conceived 
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this ring converted into a flat disc by a radial spreading of the 
stars towards the several parts of the ring, this spreading being 
uniform between the distances corresponding (according to 
Struve’s estimate) to the position of stars of magnitudes 1 to 
6, of 7th magnitude, of 8th, and lastly of 9th magnitude. 
It seems impossible to attach the slightest weight to the" 
evidence afforded by the resulting disc, since the construction 
of the disc is based on suppositions (as to the uniform 
scattering of stars radially towards the equator) which are 
directly contrary to Struve’s own discovery of a want of 
uniformity circularly round the equator. 

Struve deduced from this imperfect method of reasoning, 
combined with the study of Sir W. Herschel’s star-gauges 
and a theory on the extinction of light, the conclusion that 
the Milky Way is unfathomable in its own level. He con¬ 
sidered this view to be in accordance with the results obtained 
by Sir W. Herschel in his papers of 1817 and 1818. 
Herschel did not, however, find the Milky Way unfathomable 
all round the central line of the zone, but only in certain 
definite directions—towards the heart, in fact, of certain 
clustering aggregations. Struve misunderstood Herschel’s 
remark that 4 when his gauges would no longer resolve the 
Milky Way into stars, it was not because its nature is ambi¬ 
guous, but because it is fathomless,’ for he thus renders 
Herschel’s words into French, ‘ nous pouvons faire la, con¬ 
clusion que si nos jauges cessent de resondre la Voi Lactee 
en etoiles, ce n’est point parce que la nature en est douteuse* 
mais parce qu’elle est insondable.’ Doubtless he read 
Herschel’s ‘ when ’ as equivalent to the German ‘ wenn.’* 1 

As Sir John Herschel has remarked, disposing thereby at 
once of Struve’s infinite extension theory and of his reason 

i Thus is explained what Sir John Herschel and Professor Nichol clearly 
found perplexing, viz., Struve’s conviction that the elder Herschel’s results 
confirmed his own remarkable theory. 
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iug respecting the extinction of light,- ‘We are not at 
liberty to argue that at one part of. the’galaxy’s cireum-.' 
ibrenee our view is limited as by a sort of, cosmUcul Veil, 
which extinguishes the smaller magnitudes, cuts off the 
nebulous light, of distant masses, and closes our view in 
impenetrable darkness; while at another we are compelled, 
by the clearest evidence telescopes can afford, to believe that 
star-strewn vistas lie open, exhausting their, powers ami 
stretching out beyond their utmost reach, as is ,proved by 
that very phenomenon which the existence of such a veil 
would render impossible, viz,, infinite increase of number 
and diminution of magnitude, terminating in complete 
irresolvable nebulosity.’ This reasoning is complete against 
Struve’s inferences as based on Struve’s assumptions. It is 
not, however, the less certain that irresolvable nebulosity 
does not necessarily imply that the objects producing it 
‘ stretch out beyond the utmost reach of the telescope,’ as 
is proved by the irresolvable nebulosity discovered by, Sir 
John Herscbel himself within the bounds of the,Magellanic 
Clouds. • 

I shall treat very briefly of the results to which I have 
been led by my own researches into the subject of the con¬ 
stitution of the heavens, because they have been fully pre¬ 
sented elsewhere. 1 ' 

The purposes I have had in view T throughout my inquiries 
have been two-—First, to proceed, in perfect independence of 
all preconceived theories, to inquire how the stars and 
nebula are spread in space, how they differ in magnitude, or 
constitution, and what laws govern their changes and move¬ 
ments, instead of adopting any assumptions on these points 
as bases for reasoning; and secondly, to endeavour in every 

1 I m.'iy point out that the researches themselves, as originally submitted 
to the Boyal Astronomical Society, are contained in my ‘ Essays on Astro- 
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case to render palpable to the eye the relations which have 
hitherto been presented only in elaborate catalogues or in 
tables of statistics. It is to subserve the latter purpose, 
which is obviously associated most intimately with the former, 
that I have adopted the method of equal-surface charting. 
In dealing with the proper motions of the stars I have 
drawn from each star an arrow whose length and direction 
indicate the rate and direction of the star’s proper motion. 
I venture to believe that by these and other contrivances I 
have been enabled to exhibit the above-mentioned relations 
altogether more intelligibly than has hitherto been the case, 
and that laws hitherto unrecognised have thus been brought 
to light. 

In the first place, I have been able to show that the stars, 
down even to the sixth magnitude only, are markedly 
crowded upon the Milky Way, and that, moreover, there are 
two rich stellar regions (as respects these lucid stars), nearly 
opposite each other, one covering the constellations Cepheus, 
Cygnus, Cassiopeia, and Draco, the other occupying the space 
included between the keel of Argo, Crux, and the Greater 
Dog. The following table (shortened from one in my 
‘ Essays ’) indicates the numerical relations involved, the 
numbers in the second column representing the total number 
which would be visible if the whole heavens were as richly 
spread as the several regions indicated in the first 


column:— 

Richness. 

Northern Milky Way.9,940 

„ rich region.9,050 

• „ poor region (equally large) . . 2,567 

Gaps in Milky Way .1,240 

Southern poor region.2,361 

„ rich region (equally large) . . 13,126 

„ Milky Way.13,596 







200 


THE UNIVERSE. , 

It will be observed that the richness of the whole Milky- 
Way would be represented by 11,768,.exceeding more than 
nine times the number representing the distribution of stars 
over the gaps and lacunae of the Milky Way. 

By extending the process of charting tb. include all the . 
324,198 stars in Argelander’s series of forty charts, even 
more decisive evidence is obtained of the absolute inter¬ 
mixture in space— i.e., within certain definite clustering 
aggregations — of stars of the brighter, orders and the 
telescopic stars studied by the Hersehels. For . in the very 
regions where the Herschelian gauges showed the minutest 
telescopic stars to be most crowded, my chart of 324,198 
stars shows the stars of the higher orders (down only to, the 
11th magnitude) to be so crowded that by their mere aggre¬ 
gation within the mass they show the Milky Way with all 
its streams and clusterings. This evidence, I venture to 
affirm, is altogether decisive as to the main question, 
whether large and small stars are really intermixed in many 
regions of space, or whether the small stars are excessively 
remote. It is utterly impossible that excessively remote 
stars could seem to be clustered exactly where relatively 
near stars are richly spread. This might happen, no doubt., 
in a single instance, but that it could be repeated over and 
over again, so as to account for all the complicated features 
seen in my chart of 324,198 stars, I maintain.to be utterly 
incredible. (See Plates XI. and XII.) 

By applying the process of equal-surface charting to the 
nebulse, I find that they are so arranged over the heavens 
as to leave no room for doubting their association with the 
sidereal system. Moreover, they are found to run into 
streams or branches, intimately associated with streams of 
stars. And strangely enough, as the great star-streams seen 
in Eridanus and Aquarius are prolonged so as to enclose the 
Magellanic Clouds, so the great southern. nebular streams 
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extend themselves to the same groups. The association 
of these streams of nebulae and stars could scarcely be 
regarded as accidental; but the fact that both sets of streams 
converge upon those very regions where stars and nebulae 
are so strangely intermingled, removes all doubt from the 
conclusion that in the nebulae (for these streams include 
all the known southern nebulae) we have not to deal with 
external galaxies, but with objects belonging to the sidereal 
system. 

The charting of the stellar proper motions has further led 
me to the discovery of the fact that the stars in many parts 
of the heavens are travelling in systems—or as it were 
drifting—through space. Thus the five stars, (3, 7 , £>, s, and 
f, Ursae Majoris, are found to be all moving together, as one 
grand scheme . 1 In Gemini there is a much more remark¬ 
able instance of drift, nearly all the stars of that constellation 
(Pollux is one of the exceptions) travelling in one general 
direction. In Taurus there is also well-marked drift. These 
instances of drift suffice to afford independent testimony in 
favour of the existence of systems subordinate to the great 
sidereal system. 

The general conclusions to which I have been led by 
these and other methods of research, which space will not here 
permit me to particularise further, are chiefly these:—The 
sidereal system is altogether more complicated, altogether 
more varied in structure, than has hitherto been supposed. 
Within one and the same region co-exist stars of many orders 
of real magnitude, the greatest being thousands of times 

1 More than two years ago, speaking of this discovery, which I had then 
hut recently made, I expresssed my conviction that if ever Dr. Huggins was 
enabled to determine the proper motions of these stars in the line of sight, he 
would find them to be all travelling one way, either receding or approaching. 
Quite recently he has tested the matter, and he finds that not only have these 
five stars similar spectra, unlike the spectra of a and y, but that whereas a is 
approaching, and y receding more slowly, the five are all receding at the rate 
of twenty miles per second. 
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larger Dian the least. All the nebulas hitherto discovered, 
whether gaseous or stellar, irregular, planetary, ring-formed, 
or elliptic, exist within, the limits of the sidereal system. 
They all form part and parcel of that wonderful system whose 
nearer and brighter parts constitute the glories of our noc¬ 
turnal heavens. ' 

It has been supposed that the new views to which I have 
been led would, if accepted, tend to reduce our estimate of 
the scale on which the universe is constructed. * This, how¬ 
ever, is not the case. It is true that I cannot recognise in 
the clustering regions of the Milky Way the profundities 
commonly believed in; but I believe in profundities far 
vaster. It is true that I believe the varieties of structure 
brought into view by higher and higher telescopic powers to 
be real and not apparent; but if I thus recognise the 
existence of stars much smaller than neighbouring orbs, it 
is because I recognise in the larger orbs suns which surpass 
our own thousands of times in volume; while this very 
variety enhances our conceptions of the wonders of the 
sidereal system. It is true, again, that I cannot recognise 
in the star-cloudlets the external galaxies spoken of in our 
text-books of astronomy, that I recognise parts of our 
sidereal system where hitherto the common opinion has 
been that outlying universes are in question; but I reason 
thus, because I have been led to the conclusion that ,our 
sidereal system is much more extensive than has hitherto 
been supposed. I do not draw the nebulae inwards to the 
star-depths, but I extend the star-depths outwards until 
they include the nebulse. According to my views, the range 
of our telescopes is neither greater nor less than has been 
hitherto supposed: if, then, I conceive that the sidereal 
system reaches to unknown depths beyond that range, it is 
not because I woirld reduce our estimate of the scale on 
which the sidereal system is constructed, but because I 
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would enlarge that estimate, and that not by a little but 
indefinitely. 

In concluding, I would say a few words on the wonderful 
scene presented by the star-depths. Let our thoughts pass 
from our Earth, which seems so magnificent, to the giant 
orbs of Saturn and Jupiter, which dwarf her dimensions to 
insignificance; thence to the Sun, compared with which the 
largest of the planets seem so small. Then let us consider 
the dimensions of the solar system, compared with which 
even the dimensions of the Sun are as nothing. Next let 
us pass on in thought to the vast region of space within 
which our whole solar family is travelling. Then let us 
picture the scheme of suns of which our Sun is a member;— 
not the sidereal system, scarcely even an appreciable fraction 
of that system, but the particular family of suns to which 
the Sun belongs—and let us consider how the domain of 
the Sun, the region of space over which he bears sway, is in 
its turn reduced to mere nothingness by comparison with 
the scheme of suns of which our Sun is a member. Then, 
lastly, let us picture to ourselves that the scheme of stars 
to which our Sun belongs is but one of the atoms of which 
the frame of the sidereal systems is built. 

We can speak of these things, but we cannot conceive 
them. The astronomer can spread out the figures which 
represent these wonders, but he can neither enable others to 
conceive them, nor can he conceive them himself. I know 
not, then, how I can more fitly draw my subject to a con¬ 
clusion than by quoting the wonderful dream in which the 
German poet, Jean Paul (nobly translated by our own prose 
poet, De Quincey), pictures the feebleness of human con¬ 
ceptions in the presence of the infinite wonders of the 
universe :— 

‘God called up from dreams a man into the vestibule of 
heaven, saying, “ Come thou hither, and see the glory of my 
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bouse,” And to the angels which stood around His throne 
He said, “ Take him, strip from Mm liis robes of flesh ; 
cleanse his vision, and put a new breath into Ms nostrils, 
only touch not with any change Ms human heart, the heart 
that weeps and trembles,” It was done : and with a mighty 
angel for his guide the man stood ready for Ms infinite 
voyage ; and from the terraces of heaven, without sound or 
farewell, at once they wheeled away into endless -space. 
Sometimes with the solemn flight of angel wings they passed 
through Zaliaras of darkness, through wilderness of death, 
that divided the worlds of life; sometimes they swept over 
frontiers that were quickening under prophetic motions 
from Hod. Then from a distance which is counted only in 
heaven, light dawned for a time through a shapeless film ; 
by unutterable pace the light swept to them, they by un¬ 
utterable pace to the light. In a moment the rushing of 
planets was upon them; in a moment the blazing of suns 
was around them. Then came eternities of twilight, that 
revealed but were not revealed. On the right hand and on 
the left toward mighty constellations, that by self-repetitions 
and answers from afar, that by counter-positions, built up 
triumphal gates, whose architraves, whose archways, hori¬ 
zontal, upright, rested, rose, at altitude, by spans, that seemed 
ghostly from infinitude. 'Without measure were the archi¬ 
traves, past number were the archways, beyond memory the 
gates. Within were stairs that scaled the eternities around ; 
above was below and below was above, to the man stripped 
of gravitating body ; -depth was swallowed up in height in¬ 
surmountable, height was swallowed up in depth un¬ 
fathomable. Suddenly, as thus they rode from infinite to 
infinite, suddenly, as thus they tilted over Abysmal worlds, 
a mighty cry arose that systems more mysterious:, that worlds 
more billowy, other heights and other depths, were eoming, 
were nearing, were at hand. 
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4 Then the man sighed and stopped, shuddered and wept. 
His overladen heart uttered itself in tears, and he said, 
“ Angel, I will go no farther; for the spirit of man acheth 
with this infinity. Insufferable is the glory of God. Let 
me lie down in the grave, and hide me from the persecution 
of the Infinite, for end I see there is none.” And from all 
the listening stars that shone around issued a choral voice, 
“The man speaks truly; end there is none that ever yet 
we heard of! ” “ End is there none ? ” the angel solemnly 

demanded; 44 Is there indeed no end ? And is this the 
sorrow that kills you ? ” But no voice answered, that he 
might answer himself. Then the angel threw up his glorious 
hands to the heaven of heavens saying, 44 End is there none 
to the universe of Gfod. Lo ! also, 'there is no beginning.” ’ 
From the Quarterly Journal of Science for July 1872. 
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NOTES ON STAR-GAU&ING.: 

As several teleseopists have expressed a wish to take part in 
the work of star-ganging, and to be informed as to the best 
way of making their work effective, I venture to give a few 
hints oh the subject. 

In the first place, it is to be noted that the main object 
of the proposed method of observation is to obtain complete 
general surveys of the heavens with various apertures. It is 
the direct result of the researches which I have already 
made, that mere random star-gauging will not suffice to give 
just views of the structure of the sidereal system ; that, on 
the contrary, such a process is more likely to prove deceptive 
than useful. What is wanted is a survey which shall include 
the whole heavens (eventually), or at the beginning shall 
include the whole of each region surveyed, without gaps or 
interstices. But the extent of such a survey renders it 
absolutely necessary that it should be conducted in a manner 
the least elaborate that can be devised, so only that no 
essential details be neglected. To. map the whole heavens 
with telescopes of considerable light-gathering power would 
require an army of observers, while only a few volunteers are 
available; moreover, such mapping, while having a high 
value in other ways, would be less instructive regarded as 
star-ganging than a survey conducted by a few observers,, 
each taking a considerable area. For the different powers 
of the observers engaged would cause noteworthy differences 
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in the apparent numerical distribution of stars, and such 
apparent differences would be confounded with the real 
varieties of distribution which it is the object of star-gauging 
to discover. 

As respects the first point, completeness, I may remark 
that I have obtained very striking evidence on that subject. 
For the winter before last, with the 4 T 7 ^inch Sheepshanks 
belonging to the Society, I surveyed the region of the 
heavens included in the parts of Taurus north of 15° North 
Dec., using circular gauge-fields, touching each other in 
R.A. Now, the results of the gauging thus conducted were 
so far interesting that they indicated in a very marked 
manner the prolongation (with increase of telescopic range) 
of that remarkable region poorly strewn with stars, which is 
shown in this part of the heavens in my chart of 324,000 stars. 
(See Plate XII.) But on commencing the re-examination of 
this part of the heavens with the same telescope and eyepiece, 
but a field reduced to the figure of a square, I found a marked 
difference in the result as respects many details, though the 
general distribution was not very different. 1 

As respects the method to be employed, I think the 
following notes may be useful:— 

A square field is the most convenient, and the side of 
the square may conveniently correspond to 15' of a great 
eircle. But this is not important—the field need not have 
any special size. An edge of the square should of course lie 
on a parallel of declination. The gauging eyepiece should 
be of rather low power, but not too low, especially with 
large instruments. The most suitable power will be indi¬ 
cated by what I have said as to the size of the field, if the 

* I had proposed to resume the survey with the same telescope (using square 
fields) this year. But having had one of Mr. Browning’s 12|-inch reflectors 
placed at my disposal hy Lord Lindsay, I naturally prefer to devote my time 
to a deeper survey. 
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diaphragm used to reduce the field be such as to give a 
square not much less than the inscribed square' within the 
original circular field. On this point, however, little need 
he said, as in fact each observer can consider his own con¬ 
venience, and so long as the nature of' the eyepiece and size of 
field are indicated in the gauge-hook (together, of course, 
with the aperture of telescope, &e.), no difficulty will arise. 

The most important point is the way of taking and re¬ 
cording gauges. The work must he done in the dark, except 
when a new sweep is to be commenced. Therefore the 
observer should provide a number of squares of paper (or 
preferably card) to be strung on a cord, and mark in, in 
pencil, the number of stars counted in each field, passing each 
paper when thus marked from the set of unused papers to 
those already marked. 

When a sweep begins, the telescope (clamped of course 
in declination) is directed to the western extremity of the 
proposed sweep. The number of stars in the field is counted 
rapidly, and the telescope is moved eastwards until the 
western edge of the new field corresponds (as nearly as can 
be judged by estimation) with what had .been tbe eastern 
edge of the former field. The process is repeated, field 
after field, until the proposed range of sweep has been' com¬ 
pleted (so nearly as can be judged). Thus, say the. width 
of each field is 2(V in E.A., and that the observer desires to 
rang-e 15° in E.A., he would count in ■ this way 45 fields 
(or say two or three more to ensure the completion of the 
desired range). He must now determine the exact distance 
he has swept over, either in the regular way, when he has a 
suitable clock, or by noting the apparent difference of E.A., 
as indicated by the E.A. circle, adding so much as. corre¬ 
sponds to the time occupied in sweeping. The necessity for 
this process is obvious, when it is remembered that the shift, 
from field to field has been made by estimation only, and 
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can only be so made, except by methods which would in¬ 
volve delay and inconvenience. Thus the fields may slightly 
overlap, or there may be slight gaps (though no star can 
escape being counted), and the real range in E.A. may be 
several minutes less or greater than would be judged from 
the number of fields. But knowing the exact range of the 
sweep, and in the gauge maps (afterwards to be constructed) 
dividing that range into as many equal parts as there were 
fields, no error of the least importance can accrue. The 
numbered papers should then be removed, with a portion 
of the string, this being tied round them, so that these 
papers may remain unchanged in order. The telescope 
must then be returned to its former position in E.A., that 
is the first field brought again into view, in doing which the 
range of E.A. can again be noted, if any doubt be felt as „ 
to the former determination. Then the telescope must be 
shifted in declination until a field north or south of the 
first is in view. This will, of course, be done in the usual 
way, by means of the declination-circle, since the exact size 
Of the field is known. Another sweep will then be taken 
in the same way as the former. And the process may be 
repeated as long as the observer cares to remain at work. 
Care must, of course, be taken to keep the successive strings 
of gauge papers distinct. This is readily effected by simply 
marking the first paper on each string with the declination 
of the central line of the sweep. 


from the Monthly Notices of the Astronomical Society for Tune 1873. 
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PRINCIPLES OF STAR-GAUGING. 

Fkom communications which have reached me, I am disposed 
to believe that some misapprehensions probably exist re¬ 
specting the nature and objects of the processes of star- 
gauging which I have suggested as forming at present the 
best available means for determining the laws according 
to which the stelldr universe is constituted. 1 therefore 
add some remarks which may be of use in explaining my 
views. 

First, the great object of star-gauging with any given 
instrument is to ascertain how many stars that instrument 
shows in each portion of the heavens, when the sky is clear 
and dark, and there is no twilight, moonlight, or other cause 
of variation in space-penetrating power. Great exactness in 
enumeration is by no means necessary. In fact,. the effort 
to secure great exactness, would certainly, by extending the 
time necessary for the work of survey, defeat the whole object 
of the work. What is required is a complete but rapidly 
effected survey, bearing the same relation to the actual 
charting of stars, that the reconnaissance of a land region 
bears to trigonometrical survey. 

In interpreting results, attention must be directed, first, 
to the numerical distribution indicated by each particular 
instrument, such distribution being presented to the eye by 
the process of equal-surface charting; and, secondly, to the 
differential results indicated when a survey by any given 
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instrument is compared with a survey by another instrument 
of greater or less space-penetrating power. 

Unless both these orders of indication are considered, 
the star-gauging can afford no satisfactory information. 
This will be manifest if it be remembered that according to 
my views,—and I think I may say, according to the results I 
have demonstrated by equal-surface charts already constructed, 
—the great difficulty in all researches into the construction 
of the heavens consists in distinguishing the effects of star- 
distribution resulting, on the one hand, from great extension 
in the line of sight with consequent great variation in the 
apparent magnitude of stars of the same order, and on the 
other hand from the aggregation within one and the same 
region of many orders of real magnitude. These, of course, 
are only the extreme cases, and in nearly every instance, if 
not absolutely in every instance, both causes—varying ap¬ 
parent magnitude and closeness of aggregation—are effective. 
It is absolutely impossible in my opinion to distinguish . 
one from the other, or to ascertain in what degree one or 
other operates, except by the proposed method of star- 
gauging, which combines, be it noticed, the qualities of the 
tivo methods suggested by Sir W. Herschel (one in 1784, the 
other in 1817), without being liable to the causes, of error 
which exist in either of those methods. The general prin¬ 
ciples of interpretation, applicable not only to star-gaugings 
with different instruments, but to all differential obser¬ 
vations whether relating to colour, to duplicity, triplicity, 
or grouping generally, to spectrum, to motions whether 
thwart or in the line of sight, to peculiarities of configura¬ 
tion, to the various orders of nebulce, or so on, are simply 
these. 

• (i.) Where two orders of observation indicate concordant 
laws of distribution over the heavens, the rich regions so 

* 2 
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imlkatM a/re regions where the two orders of objects are 

inierrti/mgh'd. 1 ", . 

(ii.) Where the results are in direct contrast (or dm- 
conlmii in the true sense of the word), 1 the rich regions far 
one order corresponding to tke poor regions for the, other ,; 
and vice versa, the two orders of objects belong , to one ■ 
system, but some peculiarity in their nature or, in the laws 
according to which they were formed, causes them to occupy 
different parts of the system, segregating as it Were from . 
each other. . ■ . ■ 

(iii.) Where no connection whatever, either of agreement 
or contrast , can be observed, it is probable, and in general 
presumable, that the two orders are altogether distinct and 
lie at different distances from each other. 

(iv.) And lastly, where partial or ■ local agreement or 
contrast is indicated, then the inference is that, the true 
arrangement of the objects in space i-s affected both by laws 
of aggregation or segregation, and by diversities of distance 
and by one cause or the other- to a degree indicated by the 
extent of such agreement or contrast. 

i Which, however, is ordinarily used in too vague a way to be suitable as 
the converse of concordant.. 

3?rom the Monthly Notices of the Astronomical Society for October 1873.. 
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It appears to me desirable to conclude my discussion of the 
relations presented by the sidereal universe—so far as these 
pages are concerned—by indicating briefly but distinctly the 
points in which my views differ from the views advanced 
by those who have preceded me in the discussion of this 
subject. 

I must premise that Sir John Herschel, the late Earl of 
Eosse, Whewell, and Herbert Spencer have advocated more 
or less decidedly some of the opinions which I have been led 
independently to enunciate. Eegarded as a whole, however, 
my views are original, and several of the points to which I 
draw attention were first noted, I believe, by myself. 
If not, I would desire to be corrected, so as not to present 
as new views opinions which have already been advocated by 
others. 

In the first place, then, I lay down as a fundamental rule 
that no hypothesis as to star-magnitudes or star-distribution 
can safely be adopted as a basis of research. In ordinary 
subjects of inquiry, it is well to have working hypotheses, 
varying perhaps as we proceed, but serving conveniently for 
the co-ordination of observations. But in researches into 
the constitution of the stellar universe, we must not adopt 
any hypothesis until observations sufficiently numerous 
and extensive have indicated its justice. 1 

1 It is rather singular that my inquiries, the first systematic inquiries ever 
based on observations as they stand, without assumption of any sort, should have 
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It was owing to his failure to recognise this -principle at. 
the beginning of his work (though, I need hardly say, it is to 
his work that I owe the main evidence in favour of the 
principle) that Sir W. Herschel formed the stratum theory 
of the sidereal system, which French and English text-books 
of astronomy persist in describing as a demonstrated theory, 
though Herschel himself definitively abandoned it. It will 
be well to consider this case fully, partly because no oppor¬ 
tunity must be lost to indicate the mistaken nature of .the 
text-book accounts of Herschel’s work, and partly because of 
the intrinsic importance of the discovery which Herschel 
really effected. 

It is known that, in 1784, Sir W. Herschel, who then 
supposed that our sidereal system is continuous within its 
limits, and consists of stars strewn (numerically, not in re¬ 
spect of real magnitude) with a certain general'uniformity 
throughout the scheme, suggested his plan of star-gauging. 
It is clear that, adopting these hypotheses, a , telescope large 
enough to penetrate to the limits of the system .in all 
directions, could be employed to determine the shape of the 
system. For, the number of stars in any given direction, and 
within a given field, would afford a measure of the extension 
of the system in that direction. 

And manifestly, if we add to the two hypotheses just 
stated this further hypothesis—-that the sidereal system 
has some tolerably regular figure, as spheroidal, disc-like 
(circular or oval), cloven discoid, or the like, then a con¬ 
siderable number of scattered gaugings would afford suffi- 


been so misunderstood by several as to be described as theoretical by comparison 
with such inquiries as the earlier work .of Sir W, Herschel, based on assimip- 
tions which were not only questionable in themselves, hut were rejected even¬ 
tually by Herschel himself, or with such investigations as those of Struve, 
based, as Encke long sinee pointed out, on assumption upon assumption! 
Those who are acquainted with the literature of the subject have, however, 
avoided this .mistake. 
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ciently accurate general evidence as to tlie true nature of such 
figure. 

It was from the combination of these hypotheses and 
from a moderate number of gaugings that, in 1785, Sir W. 
Herschel derived the impression that the sidereal system is 
shaped like a cloven flat disc, having its greatest extension 
towards the Milky Way, all whose stars form part and parcel 
of the system and conform (according to the views of 1785) 
to the hypotheses adopted by Herschel. 

In 1802, Herschel definitely expressed his abandonment 
of the hypothesis of generally equable distribution, and 
necessarily with that hypothesis he gave up the cloven- 
stratum theory of the sidereal universe, and the supposition 
that the stars of the Milky Way are distributed like those 
immediately surrounding us. The passages from the 
paper of 1802 (quoted at pp. 187-189) serve to indicate 
Herschel’s change of views even to those not well acquainted 
with his earlier papers ; but the real significance of these 
passages will only be appreciated by those who have 
thoroughly mastered his whole series of papers {which, 
judging from my own experience, implies the careful 
perusal of the whole series at least three successive times, 
and the study of certain portions in the same way in 
which one would study some difficult mathematical pro¬ 
position). 

Nine years of labour passed before Herschel again dealt 
with general considerations respecting the sidereal univerfe. 
The passage from the paper of 1811 (quoted at p. 189) de¬ 
serves to be carefully studied by some who have considered 
it a sort of high treason in me to question the soundness 
of the cloven-stratum theory of the sidereal universe. 

Another hypothesis adopted by Herschel, though it was 
not eventually abandoned like those on which his star- 
gauging was based, equally illustrates how unsafe is the 
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adoption of .hypotheses on inquiries directed to the subject 
of tite constitution of the universe, I refer to that method 
of ganging 1 which he based on the supposed'space-penetrating 
powers of his telescopes. This method was; suggested in 
1817, when Jlorschel was in his seventy-eighth year, and 
some results of its application were discussed in 1818. If 
appears to me that, while the papers of 1817 and 1818 
afford unquestionable evidence of poiv&r, they show equally 
dear traces of the failing elasticity of his wonderful mind. 
Having devised a working hypothesis, he works straight on. 
with a diligence and effect worthy of his 'best days; but he 
does not look around for tests as he did in the days when his 
first method of star-gauging was in use by him. Or rather 
(for, in his earlier year's, he did not so much search for tests 
as recognise those which were in effect applied as he worked), 
we do not find him quick to notice, in 1817 ami 1818, how 
his results negatived his hypothesis. 

I conceive that no one who considers the real significance 
of Herschefis results,, in 1817 and 1818, can fail to admit 
that they are utterly inadmissible, and that they therefore 
show the theory on which they are based to be altogether 
untenable, Herschel had taken resolvability as a test of 
distance. But he found regions which, while partially 
resolvable with his lowest powers, where not wholly resolvable 
with his highest. These limited regions of the heavens 
indicated, according to his hypothesis, long stellar projections 
turned directly towards the Sun, appreciably cylindrical but 
really conical, with the Sun at their vertex—« monstrous 
supposition, and one such as Sir W. Hefschd had re¬ 
peatedly rejected in his earlier years. It was by reasoning, 
justly on precisely such results that Sir John Herschel was 
led to- regard the Magellanic Clouds as roughly spherical. 
Sir W. Herschel had arrived, as we have seen, at a precisely 
similar conclusion respecting the figure of the clustering 
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aggregations of the Milky Way. Yet it was to some of these 
very aggregations that he now applied the new gauging test, 
with results thus irreconcilable with those he had before ob¬ 
tained. It was by applying this new method that he arrived at 
the conclusions, on which Struve afterwards so strongly insisted, 
that parts of the sidereal system are absolutely unfathomable. 
Yet his former and sound principle of interpretation, and the 
principle which Sir John Herschel, Whewell, and Herbert 
Spencer applied to the Magellanic Clouds, show that where (in 
extreme old age) Herschel thought he was "penetrating to the 
extreme limits of the sidereal system, he was in reality only 
analysing more and more searchingly an aggregation in 
which many orders of stars were mixed up. What he 
failed to do was, not {as he supposed ) to sound the galaxy, 
hut to recognise as separate stars the minutest orders of orbs 
included within such aggregations. 

Struve, strangely enough, supposed that he had made 
either no assumptions which could fairly he regarded as such, 
or else none hut the safest assumptions. Forbes and Encke 
more justly weighed Struve’s researches. His assumptions, 
indeed, were the most daring which perhaps have ever been 
applied to the subject we are upon. Encke enumerates five 
assumptions, all of them questionable. I shall note only two, 
both occurring in the process by which he constructed the 
famous Section of the sidereal system, about which some 
writers have written in terms which would he exaggerated if 
applied to the labours of the elder or the younger Herschel. 1 
Having counted (or rather obtained directly from Weisse’s 
numbered catalogue) the numbers of stars, down to the ninth 
magnitude, in the different hours of an equatorial zone thirty 
degrees wide (from + 15° to — 15°), he first assumes that 

1 I wish it to be carefully noted that, throughout my inquiries into the 
constitution of the heavens, I have not said one word which has indicated 
other than a justly high estimate of the value of tho Herschels’ labours. 
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the distribution there indicated may he regarded as;, true/<w* . 
the equator itself; and then, secondly, lie assumes that the 
stars towards each hour of the equator may he distributed 
over the sector formed by radial lines from the Sun to the 
extremities of the hour-arc, according to certain assumptions 
as to the relative distances of the. various orders of star- 
magnitude. The combination of the twenty-four sectors 
constructed on these assumptions (which are not only not 
supported by evidence, but strongly opposed by all the 
evidence thus far obtained), forms Struve’s equatorial star- 
disc. On this insecure evidence, and on a singular mistake as 
to the meaning of an expression employed by the elder 
Herschel, 1 Struve based his famous hypothesis of the extinc¬ 
tion of light, his analysis of the proper motion of the Sun in 
magnitude, and other results equally interesting - , and, in my 
judgment, equally unreliable. 2 

Sir John Herschel, so far as his own inquiries, as distin¬ 
guished from those which he carried out in pursuance of his 
father’s plans, were concerned, carefully avoided the adoption 
of any hypothesis, basing his opinions on observed facts solely. 

I must note, however, that he does not show the same 
acquaintance with his father’s series of papers as Struve 
appears to have obtained. I think this is not, altogether 
to he wondered at. Sir John Herschel took too large a part 
in original astronomical investigations to have leisure for that 

** Herschel wrote that ‘ when ho could not resolve the Milky "Way it was 
because it is unfathomable,"' meaning clearly that certain, parts of the Milky 
Waylay beyond the power of his'strongest telescopes. Struve, probably, in 
making extracts in German, wrote ‘wenn’ for‘when; "at any rate, in the 
French of his ‘Etudes Astronomio Stellaire,’ we find the word ‘si’ for the 
English ‘ when,’ and the whole meaning of the sentence is changed. 

2 I write this with some confidence. Sir J. Herschel has shown the weak¬ 
ness of the reasoning on which Struve based the theory "of the extinction of 
light. As to the rate of the Sun’s proper motion, I showed long ago the proba¬ 
bility that- this rate exceeds that assigned to it by Struve; and l>r. Huggins’s 
recent researches into stellar motions of recess and approach may be regarded 
as conclusive on the subject. 
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thorough investigation and analysis of his father’s series of 
papers by which alone their real bearing can be ascertained. 
Be this as it may, the fact is patent that Sir W. Herschel 
abandoned the method of gauging which he had adopted in 
1784, and that Sir John Herschel applied this method to the 
southern heavens. It is not wonderful that he obtained a 
result not according with that which his father had obtained 
in 1785, for it is the property of erroneous methods to lead to 
incongruous results. It was thus that the ‘ cloven flat-ring ’ 
theory was adopted by Sir John Herschel in preference to the 
‘ cloven flat-disc ’ theory. 

But Sir J. Herschel’s discussion of the peculiarities which 
he had recognised in the distribution of stars, his analysis of 
the features of the Milky Way, and his treatment of the 
evidence derived from the Magellanic Clouds, are characterised 
by sound and clear-sighted reasoning. We owe to him, in 
fact, the initiation of those processes and methods of inquiry 
which have more recently been applied. 

Passing to my own treatment of the subject, I remark, 
first, that it has seemed to me very necessary to substitute for 
statistical research, at least in the beginning of inquiries into 
the laws of stellar distribution, some process not requiring 
preliminary hypotheses. I can conceive no general statistical 
process absolutely free from hypothetical considerations. 
Statistics can be satisfactorily applied to inquiries suggested 
by other and less deceptive processes ; but at the beginning 
we cannot count, except in accordance with some pre-arranged 
plan, and such plan must necessarily be based on hypothesis. 
We see this in Struve’s researches. lie counted the number 
of stars in given hours of right ascension ; but the result was 
meaningless, except on the assumption that the distribution 
of stars over a given hour, and between declination circles 
4 - 15 ° and — 15°, possessed a certain significance. We see, 
in fact, that he regarded the richness of distribution around 
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the equator itself as indicated by the richness of star-distri- 
bntion over areas thirty degrees in declination by fifteen de¬ 
grees in right ascension ; and unless that assumption, or, 
some lilco assumption, were made, the mere .numbers he 
obtained could not, so far as I can see, have any significance 
at all, 

lint then there is the risk in such a case that, in giving 
significance to statistical results by means of some hypothesis} 
we may he misled—the result only becoming significant by 
being made erroneous. 

Charting, so long as it is isographic, seems open to no 
such objection. We plot down stars, or nebulae, or variables, 
or red stars, or double stars, as the case may he, and aceept 
the result, whatever it may be—certain at any rate that we 
shall not be taught anything erroneous, though the charring 
may not lead to any result of importance. Whatever 1 there 
is to learn, we shall probably learn from a well-constructed 
chart; and we may learn much more than had been hoped 
when the chart was commenced, or else—and this has 
repeatedly been my own experience—a chart, while, not in 
itself teaching any noteworthy lesson, will suggest either 
statistical research or some new process of charting by which 
important new knowledge may be obtained. 

From my equal-surface charts of the brighter orders of 
stars, I infer—I think I may even say I have demonstrated ' 
—that there is a much greater range of difference in real 
star-magnitudes than had been supposed. Unless the laws 
of probability are to be abandoned, those lucid stars which 
gather richly over the area of the Milky Way, are really 
immersed among the clustering- aggregations of smaller stars 
which produce the milky light of the galaxy. In this case 
those brighter stars must he not only much larger, but 
many hundreds of times larger than the fainter stars of the, 
galaxy. ■ 
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We have here the first step towards just views of the 
constitution of the Milky Way, or rather the next step 
beyond the great, but little noticed, discovery of Sir W. 
Hersehel’s, that the bright clouds of the Milky Way are 
for the most part spherical clusters of stars. The excess in 
the number of lucid stars in the Milky Way proves that 
the stars of our constellations are among the leading orbs 
of the spherical aggregations. Plates I., II., and VI. serve 
to exhibit other peculiarities illustrated by the mapping 
of stars visible to the naked eye. Little is required by 
way of explanation of these charts, which are, as all such 
charts should be, self-explanatory. It is only necessary 
to mention that Plate II. exhibits the whole heavens on 
Flamsteed’s projection (which is an equal-surface one); end 
although in parts the distortion is monstrous, yet as the 
distribution is always truly represented, the great purpose 
of star-mapping, so far as concerns our subject, is fully 
served. However, it would be a useful exercise to those 
having sufficient leisure, to make other similar charts on 
the same projection, but taking other meridians for the 
central line. Charts on the same projection, but on a 
larger scale, and including the nebulae, as in Plate VIII., 
would also be highly instructive. I can, however, only 
indicate at present the desirability of such charts, my time 
being too fully occupied with other matters to enable me to 
carry out all the mapping processes which I should like to 
see applied. Before long, should I not be anticipated, while 
carrying out the processes of star-gauging which I have 
already commenced, I shall probably also obtain oppor¬ 
tunities for constructing a complete series of charts illus¬ 
trative of the laws of stellar and nebular distribution; but 
for the present those already drawn may be regarded as 
sufficient. Indeed it is not to be expected that others 
applied to the same objects, would reveal new relations of 
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importance, though strengthening and elucidating the evi-' 
deuce given by those already drawn. 

Charts including stars down to the seventh and eighth 
orders, yet remain to be constructed. - I am mot acquainted 
with any suitable materials. For the purpose of true star- 
gauging it is essential that the same uniform scale of star- 
magnitudes should he used ; and as yet no complete catalogue 
or series of charts in which the stars of the seventh and 
eighth magnitudes have been estimated according to a 
uniform scale, are accessible, or at least known to toe. I 
may remark, indeed, that charts alone would Serve my 
purpose, since the labour of constructing equal-surface 
maps from complete .catalogues including stars down to the 
eighth magnitude, would be enormous, and though the 
results would be interesting, they would probably scarcely 
repay the labour. 

The existence of Argelander’s series of charts of stars 
visible in the northern heavens with a telescope 2f- inches 
in aperture, alone rendered my next step—the construction 
of an equal-surface chart containing- all such stars—a feasible, 
though not altogether an easy one. I must remark, that 
the charts of Argelander’s series cannot he regarded as quite 
exactly representing the distribution of stars over the whole 
of the northern heavens. Anyone . who will test them 
.systematically with the telescope, will soon recognise the 
fact that many stars well within the range of a telescope 
2| inches in aperture have been omitted. This, of course, 
was to he expected. But it is remarkable that in many 
cases stars have been noted which are certainly not ordinarily 
to he seen with Argelander’s selected small telescopic power. 

[Nevertheless, regarded as a whole, the series of charts 
constructed under Argelander’s superintendence represents 
fairly the distribution of stars down to the; eleventh 
magnitude of Sir J. Herschel’s scale. The inexactnesses 
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relate to minutiae, not to the broad features which can alone 
be dealt with in the present stage of the inquiry. 

I must remark here, that although in my equal-surface 
chart including Argelander’s series, I have marked down 
all the stars, as nearly as the eye could judge, in their true 
place within the spaces (one degree each way in E. A. and 
Decl.) to which they severally belong, I have by no means 
done this with the intention of constructing a chart which 
could be used for reference to individual stars. In point of 
fact, I wanted only to ascertain the general distribution of 
the stars, and my purpose would have been equally, or nearly, 
as well fulfilled, if in each space I had marked down at 
random the proper number of stars. But, strange though 
it may seem at a first view, it was easier for me to make 
an exact transcript for each space than merely to jot down 
so many stars. The reason is, that by copying from each 
space, I had at once a means of distinguishing one space 
from another in my chart as compared with the original. 
Nothing could have been more baffling than the attempt 
to preserve merely the numerical distribution, and of 
course the result was somewhat more accurate, even as 
regards the indication of laws of aggregation. 

The significance of the results obtained by this second 
step—that is, the step from stars visible to the naked eye, 
to stars visible with 2f inches of aperture—can only be ap¬ 
preciated by those who have carefully followed, and thoroughly 
mastered, the reasoning of the elder and younger Herschel, 
and of the elder Struve. I assert, without the slightest fear 
of contradiction by any possessing such knowledge, that the 
broad teaching of the equal-surface chart of 324,000 stars 
disposes finally of all theories of the constitution of the 
sidereal universe which had previously been enunciated. The 
chart does not definitively indicate a new theory—rather it 
suggests the idea that the constitution of the sidereal 
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universe is too complex to be at present ascertained. But 
It completely negatives (i.) tbe stratum theory (even in the 
modified form apparently retained by Sir W. Herschel); 
(ii.) the flat-ring theory of Sir John Herschel; and (ill.) the 
infinitely extended stratum theory, with condensation towards 
the mean plane, which Struve adopted. 

The force of the evidence derived from the chart consists 
in the position which the gauging power of Argelahder (for 
it is to his gauging power, not to the refinements of his 
star-charting, that I alone appeal) bears to naked eye. 
vision on the one hand, and to the powers used by the 
elder Herschel on the other. Powers intermediate to 
Argelander’s and Herschel’s may give important evidence, 
and doubtless will, when applied in accordance with the 
plan I have elsewhere suggested ; but such evidence cannot 
have the value which resides in Argelander’s work. A much 
lower telescopic power than Argelanders would bring the 
range too near that of ordinary vision; a much higher power 
would bring the range too near that of the Herschelian 
gauging telescopes. It is the intermediate character of 
Argelander’s teleseopic survey which constitutes its real 
value. 

This I propose briefly to indicate. 

The eye shows the great Milky Way stream, with its 
irregularities, branching extensions, nodules, and other pe¬ 
culiarities. The eye also indicates (in combination with 
suitable processes of charting and enumeration) the gather¬ 
ing of lucid stars on the Milky Way. Such is the evidence 
at one extremity of the scale. At the other we have the 
result of the Herschelian ■ star-gauges, and especially of 
those gauges, not tabulated, which both the Herschels 
applied to rich galactic regions; and we learn from 
it, according to the words I have already quoted, that in 
Herschel’s sweeps of the heavens ‘it has been fully ascertained 
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that the brightness of the Milky Way arises only from stars, 
and that their compression increases according to the bright¬ 
ness of the Milky Way.’ This relates, as we know, to the 
stars brought into view by his great telescopes. Nothing, 
then, can be more interesting and important in connexion 
with the subject of the sidereal universe than the question 
whether the naked-eye brightness, and the gathering of 
naked-eye stars on the one hand, and the great richness of 
stars of the faintest orders reached by our telescopes on the 
other, are accompanied by an exceptional richness of stars* 
brought into view by an intermediate power, far enough 
removed from naked-eye vision on the one hand to give 
those large numbers which raise probabilities into certainties, 
and far enough removed from Herschel’s space-penetrating 
power on the other hand to ensure a real selection of larger 
stars from among the practically infinite numbers of minute 
stars revealed to his scrutiny. This would in any case be 
important, as Struve long since demonstrated, and as Her- 
schel himself clearly recognised, as affording general evi¬ 
dence of the laws of stellar condensation ; but the comparison 
assumes a far greater importance when we remember what 
Herschel demonstrated as to the generally insulated nature 
of those aggregations which lie along the Milky Way 
streams. Let the meaning of his result be rightly appre¬ 
ciated ; let it be clearly remembered that he had in effect 
proved the Milky Way to consist in the main of real clouds 
of stars arranged in real streams in space , and we see at 
once that to prove that these clouds are richer, both in 
minute stars and in relatively bright stars, than surrounding- 
regions, is to prove the existence within each of them of 
widely different orders of real star magnitude. When we 
add the consideration that the Herschels, with their most 
powerful telescopes, were in some cases unable to resolve 
the richer regions of the Milky Way, we begin to recognise 
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, something of the complexity and variety of structure 
existing where uniformity of structure and variety of distance 
,\„d been imagined. 

It is obvious that what has thus been recognised re* 
spceting tho system of stars is in perfect accordance with 
what has been ascertained respecting the distribution and 
nature of the'nebulae* So long as we assumed the stellar 
system to Ire of a tolerably uniform nature throughout its 
extent, there was some difficulty in admitting as probable 
the existence within that system of structures so distinct 
as the nebulae, whether resolvable, irresolvable, or gaseous. 
Even the evidence afforded by the Magellanic Clouds as to 
the nature of all the orders of nebulae, convincing. though 
that evidence really is, did not impress the truth on the 
minds of those who yet could point to no flaw In the reason¬ 
ing. The relations indicated by my equal-surface charts 
of tbe nebulas, though equally satisfactory as evidence 
(besides being independent and therefore the' more convinc¬ 
ing), were similarly inoperative; and I think the beautiful 
and, in my judgment, most valuable maps by Mr. Waters 
which appear in the present volume, would not carry con¬ 
viction of themselves. 

But I submit that when we perceive the variety of stellar 
structure and aggregation, as well within the Milky Wav as 
in extra-galactic regions, the evidence respecting nebulae is 
brought into such perfect accordance with the evidence 
respecting stars that its real significance can no longer be 
misapprehended. 

Here, moreover, the common evidence given by stars 
t ,nd nebulae (agreeing also perfectly with that given by the 
Magellanic Clouds) is strengthened by the evidence derived 
from details of structure in the Milky Way, on its borders, 
and outside of it. - ‘I cannot here do more than allude to the 
nature of this evidence. I would note, then, that the balance 
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of attractions within the Milky Way which Sir W. Herschel 
pointed out, suggests a reason as well for the paucity of 
irresolvable nebulae within its bounds, as for the number 
of irregular clusterings and ordinary clusters contained 
within it. As Sir W. Herschel pointed out, the clusters in 
and near the Milky Way may be looked upon ‘as so many 
portions of the great mass drawn together by the action of a 
clustering power of which they tend to prove the existence.’ 
But this clustering power has been interfered with and 
checked by the balance of attractions. Outside the bounds 
of the Milky Way, a clustering power uncontrolled by any 
such cause has been at work, and to its influence may be 
ascribed those closely set nebular clusters which are either 
irresolvable or can else only be resolved with very powerful 
telescopes. 

The gradual diminution in the number of clusters as we 
leave the galactic zone, and the equally gradual increase in 
the number of irresolvable nebulae, show the reality of the 
conclusion here.indicated. There is an even more convincing 
though more delicate proof, in the continuous change of 
character of the nebulae from the most scattered clusters 
of the Milky Way to the absolutely irresolvable nebulae of 
extra-galactic regions. Of course the actual constitution 
throughout the whole heavens, has in part depended on the 
distribution of star material, and not on position only. We 
see the influence of this in . the charts of-stars and nebulae 
in Virgo and Coma at pp. 168 and 170, and on a wider 
scale in Mr. Waters’ beautiful charts, where we notice how 
as irresolvable nebulae become scarce, scattered clusf ■ ~ 
appear, not only on* the heavens regarded as a whole, but 
in the several parts of the extra-galactic nebular systems 
and streams. 

The evidence respecting nebulas known to be gaseous 
points the same way; but it may be desirable to wait before 
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smmning up tins part of the evidence until the sptetrofseope 
has been more widely and systematically applied to the 
nebula?. - - 

It is perhaps hardly necessary to insist on the evidence 
which the discussion of stellar proper motions can afford on 
questions relating to the structure of the universe. The 
general tendency of star motions, and the average magnitude 
of such motions, would supply evidence of-extreme impor¬ 
tance towards the discrimination of stellar aggregations in 
particular regions of space. 

And here I must point out two mistakes which have teen 
made by persons who have spoken of the phenomenon which 
I have called ‘ star-drift.’ 

One mistake is the confounding of this phenomenon, with 
the star-drift due to the Sun’s motion in. space, which drift 
was first recognised by Sir W. Herschel and has since been 
more widely recognised by several other astronomers. This 
star-drift- is general, but is seen only in the average of stellar 
motions. The star-drift which I have indicated is local, 
and has a different significance altogether. Before I had 
recognised it, I suggested its probable existence. ’When I 
had recognised it in several regions of the heavens, as in 
Gemini, Ursa Major, and so on, I pointed out how my . 
theory on the point could be tested by the spectroscope, and 
selected the drift in Ursa Major as specially suitable for the 
purpose. I described the results which should follow if my 
theory were sound, and as is now well known my expectations 
were confirmed to the letter. The star-drift- thus demon¬ 
strated in Ursa Major is a phenomenon perfectly distinct 
from the star-drift due to the Sun’s motion. It takes place, 
as my maps of the stellar proper motions show, in almost 
exactly the reverse direction from that due to the Stiffs 
motion. Moreover the real interest of the phenomenon 
consists, not in any evidence it gives as to the general motions 
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of the sidereal universe, but in the fact that it marks out the 
stars affected by it as forming a subordinate system separated 
from other star-regions by starless spaces of enormous extent. 
Moreover the recognition of star-drift, especially if accom¬ 
panied by spectroscopic evidence as to star structure, will 
probably become a potent means of ascertaining the architec¬ 
ture of various parts of the stellar universe. 

The other mistake resides in the supposition that at the 
present stage of the inquiry it would be desirable for me 
to examine and discuss those observations which promise 
to afford more complete information respecting the proper 
motions talking place within the star system. I can only 
deal with wide and general relations; and the charts of 
proper motions already constructed by me suffice for that 
purpose, since their construction has led to the general 
theory of star-drift which it was chiefly important to establish. 
Anyone who may have leisure for the work can now examine 
suitable star-catalogues for the recognition or correction of 
estimated proper motions, with the assurance that such work 
will reap a rich reward. But for my own part the task I 
have taken in hand is of another nature, and will permit of 
no expenditure of time on details, however interesting the 
subsidiary evidence which such details may afford. I wish 
rather to set others at work on the various parts of the wide 
subject of the constitution of the heavens than to enter myself 
on work of detail. The structure of the star-system as a 
whole, or at least of the portion within our scope, is the 
subject to which I address myself, and too minute a discussion 
of the subordinate details would impair rather than improve 
the general view which I desire to obtain. The proportions 
of a great structure are not favourably studied by approach¬ 
ing as near as possible to some particular part of it. 

Here my discussion of the subject of the constitution of 
the stellar heavens comes to a close so far as these pages are 
concerned. I take the opportunity of thanking students of 
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astronomy, generally, for the patience and attention with 
which my views have been received. I trust and believe 
that those who have really examined the evidence I have 
adduced, will not have thought me dogmatic in the ex¬ 
pression of opinions which I have based on a very thorough 
investigation of all the available evidence. I have been more 
than satisfied with the support I have already received. 
From Sir John Herschel in particular, who perhaps alone 
of all our leading astronomers, has taken special interest in 
the subject of the constitution of the heavens, I received 
encouraging expressions of opinion (which will one day he 
published), important not only in their relation to the 
researches I communicated to him, but in their prospective 
bearing on researches which have been completed since his 
lamented demise. For the rest, it is not to he expected, and, 
in fact, it is not possible, that general attention should 
be drawn to a subject so far removed from ordinary astro¬ 
nomical studies, whether practical, observational, mathe¬ 
matical, or theoretical. At all times in the history of As¬ 
tronomy, the number of those who have been attracted 
to the study of the laws of stellar distribution has been 
small, though, strictly speaking, the very name Astronomy 
implies such study more specially than any , other now 
recognised subject of astronomical research. But the true 
student of science is content if he c fit audience find though 
few.’ The investigation and demonstration of the truth are 
more important than the mere numerical array of supporters. 
Though, indeed, if on the one hand, as I had expected, few 
have been attracted to a subject of great difficulty, yet, cn 
the other, I have had small occasion to complain of cavil or 
objection: and, if the results to which I have been led, or 
may he led hereafter, are just, it is a matter of indifference to 
me whether they be generally accepted at a-late dr early season, 
in my own lifetime or not till long afterwards. 

Erom the Monthly Notices of the Astronomical Society for October 1873. 
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Travel and Adventure, the Colonies, &e.— continued.' 


Brassey. — Vo ya ges a nd Tea i 
of Lord Brassey, K.C.B ., D.C.L., 1862- I 
1694. Arranged and Edited by Captain S. i 

Froude (James A.). 

Oceana : or England and her Col¬ 
onies. With 9 Illustrations. Crown 8vo., 
2i. boards, 2s. 6 d. cloth. 

The English in the West Indies : 
or. the Bow of Ulysses. With g Illustra¬ 
tions. Crown 8vo., 2s. boards, 2s. 6 A. cloth. 

Howitt.— Visits to Remarkable 
Places. Old Halls, Battle-Fields, Scenes, 
illustrative of Striking Passages in English 
History and Poetrv. By William Howitt. 
With 80 Illustrations. Crown 8vo„ 35. 6 d. 

Knight (E. F.). 

The Cr vise op the ‘ Alerts ’: the 

Narrative of a Search for Treasure on the 
Desert Island of Trinidad. With 2 Maps 
and 23 Illustrations. Crown 8vo., 3s. 6 d. 
Where 2 'hree Empires meet: a 


Nan 




1, Ladak, Gilgit, 
and the adjoining Countries. ■ With a 
Map and 54 Illustrations. Cr. 8vo., 3s. 6d. 

The 'Falcon' on the Baltic: a 

Vovage from London to Copenhagen in 
” "" ' i Full-page 


Ulus 


s. bd. 


Lees and Clutterbuck.—B.C. 1887 : 

A Ramble in British Columbia. By J.A 
Lees and W. J. Clutterbuck. With Maj 
and 75 Illustrations. Crown 8vo., 3s. bd. 

Murdoch. — From Edinburgh 


Sket< 


les during the Dundee A 
m ,of 1892-93. By V' 
ocH. With 2 Maps a 




Nansen (Fridtjof). — continued. 
Eskimo Life. With 31 Illustrations. 

8vo., 16s. 

Peary.— My Arctic Journal: a 

year among Ice-Fields and Eskimos. By 
Josephine Diebitsch-Peary. With 19 
Plates, 3 Sketch Maps, and 44 Illustrations 
in the Text. 8vo., 12s. 

Quillinan.— Journal of a Few 
Moaths' Residbrce in Portugal, and 
Glimpses of the South of Spain. By Mrs. 
Quillinan (Dora Wordsworth). New 
Edition. Edited, with Memoir, by Edmund 
Lee, Author of “ Dorothy Wordsworth,” &c. 

Smith.— Climbing in the British 
Isles. By W. P. Haskett Smith. With 
Illustrations by Ellis Carr, and Numerous 


Part III. Scotland. [ In preparation. 

Stephen. — The Play-Ground of 
Europe. By Leslie Stephen. New 
Edition, with Additions and 4 Illustrations. 

THREE* IN "NOR WA Y. Bv Two 

of Them. With a Map and 59 Illustrations. 
Crown 8vo., is. boards, is. bd. cloth. 

Tyndall. — The Glaciers of the 

Alps: being a Narrative of Excursions 
and Ascents. An Account of the Origin 
and Phenomena of Glaciers, and an Ex¬ 
position of the Physical Principles to which 
they are related. ^ _ By John Tyndall, 


c Ex- 


The Romance c 


Steel (John 

A Treatise on ; 
the Dog. With 81 


Outlines o 

Manual for ti 
in the Dissec 


Veterinary Medicine, &e. 


i Diseases of 


Fitzwygram.— Horses an 

Stables. By Major-General Sir F. Fit. 
wygram, Bart. With 56 pages of Illustr; 

“Stonehenge.”— The Dog / 

Health axp Disease. Bv “ Stonj 
hence”. With 7S Wood Engraving 


With 52 
nlarged. 
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Sport and Pastime. 

THE BADMINTON LIBRARY. 


Edited by the Duke of Beaufort, JO 
Crown 8vo., price n 

Archery. By C. J. Longman, Col. 
Dillon, ' With 195 Illustrations. 

Athletics and Football,. By 
Montague Shearman. With s 1 Illus. 
Big Game Shooting. By C. Phil- 
lipps-Wollby, Sir Samuel W. Baker, 
W. C. Oswell, F. C. Selous, &c. 

Vol. I. Africa and America. With 77 ■ 
Illustrations. 

Vol. II. Europe, Asia, and the Arctic 

Billiards. By Major W. Broad- 
foot, R.E. With Illustrations, and Dia¬ 
grams. [/« the Press. 

Boating. By W. B. Woodgate.- 

With ^9 Illustrations and 4 Maps. 
Coursing and Falconry. By 
Harding Cox and the Hon. Gerald 
Lascelles. With 76 Illustrations.' 
Cricket. By A. G. Steel, the 
Hon. R. H. Lyttelton, Andrew Lang, 
R. A. H. Mitchell, W. G. Grace, and 
F. Gale. With 64 Illustrations. 

Cycling. By the Earl of Albe¬ 
marle and Gl Lacy Htllier. With 50 
Illustrations. 

Dancing. By Mrs. Lilly Grove. 

F.R.G.S., &c. ’ With 131 Illustrations. 
Driving. By the Duke of Beau- 

1 fort. With 65 Illustrations. 

Fencing, Boxing, and Wrestling. 
By Walter H. Pollock, F. C. Grove. 
C. Prevost, E. B. Mitchell, and 
Walter Armstrong. With 42 Iiiustra- 


Fisbing. By H. Cholmondeley- 

Pennell, the Marquis of Exeter, 
Henry R. Francis, G. Christopher 
Davies, R, B. Marston, &c. 

Vol. I. Salmon, Trout, and Grayling. 

With 158 Illustrations. 

Vol. II. Pike and other Coarse Fish. 
With 133 Illustrations. 

Golf. By Horace G. Hutchin¬ 
son, the Rt. Hon. A. J, Balfour, M.P., 
Sir W. G. Simpson, Bart., Lord Well- 
wood, H. S. C. Eveeard, Andrew Lang. 
and other Writers. With 89 Illustrations. 


j,, assisted by Alfred E‘. T. Watson, 
is. 6 rf.‘each Volume. 

Hunting. . By the Duke of Bkau- 
1 fort, K.G., Mowbray Morris,- the Eari. 
ok Suffolk and Berkshire, Rev.' E. 
W. L. Davies, Dikby Collins. GeoRhe 
H. Longman, Ac. With 53 Illustrations. 
Mountaineering. -Bv C. T. Dent, 

Sir F. POLLOCK, Batt.pW. M. Conway, 
Douglas Freshfield, C. E. Mathews, 
&c. With 168 Illustrations.. 

Racing and Steeple-Chasing- By 
the Earl of Suffolk and Berkshire, w. 
G. Craven, Arthur Coventry, and A.' 1 
E. T. Watson. With .58 Illustrations.. 
Riding and Fold. By Captain 
Robert Weir. J. Moray Brown, the 
Duke of Beaufort, K.G.. &c. -With 
19 Illustrations. '. - 

Sea Fishing. By John Bicker- 

EYKE. W. SENIOR. A. C‘. HARMSWOSTH, 
and Sir H. W. Gore-Booth, Bart. With 

Shooting. Bv Lord Wat.sing- 
ham, Sir Ralph EAYNB-GALLWBY,.Bart., 
Lord Lovat, Lord C. Lennox Kerr, 
the Hon. G. .Lascelles; -and , A.‘ j. 
Stuart-Wortley. - ' 

Vol. I. Field and CoverL With 105 ffius- 

Voh II. Moor and Marsh. With 63 Ulus- ’ 

Skating, Curling, Tobogganing, 
Ice-Sailing, and Bandy. 'By J. M. 
Heathcote, C. G. Tebbwtt, T. Max- ' 
well Witham, the Rev. John Kerr'. 
With 284 Illustrations. ' . 

SirrmirNG. By Archibald Sin : 

CLAIR and William Henry. .With ,tf§ 
Illustrations. 

Tennis, La iyn Tennis, : Rackets 
and Fives. By J. M. and.C. G. Heath¬ 
cote, E. 0 . Pi.eydell-Bouverie, A. C. 
Aikger, Sc. With 79 Illustrations; 
Yachting. ■ 

Vol. I. Cruising, Construction, Racing' 
Rules, Fitting-Out, &c. By Sir Edward . 
Sullivan, Bart., Lord Brassey, 
K.C.B., C. E. Seth-Smith. C.B., &c. 
With 1x4 Illustrations. 

Vol. II. Yacht Clubs, Yachting in America 
and the Colonies, Yacht Racing, &c. 

By R. T. Pritchett, the Earl of 
Onslow, G.CiM.G., &c. With 195 
Illustrations. .. 
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Sport and Pastime — continued. 
FUR AND FEATHER SERIES. 

Edited by A. E. T. Watson. 

Crown 8vo., price 51. each Volume. 

The Partridge. Natural History by 
the Rev. H. A. Macpherson ; Shooting, 
by A. J. Stuart-Wortley ; Cookery, by 
George Saintsbury. With 11 Illustra¬ 
tions and various Diagrams in the Text. 


Natural History by 
. Macpherson; Shooting, 
it-Wortley ; Cookery, by 


is Diagrams, ii 


BADMINTON MAGAZINE OF J 

Sports and Pastimes (The). Edited by ' 
Alfred E.^ T. W'atson (“ Rapier ”). With 

Vol. I., August to December, 1895, price 6 s. 

Bickerdyke.— Days of my Life on 

Waters Fresh and Salt ; .and other 
Papers. By John Bickerdyke. With 
Photo-Etched Frontispiece and 8 Full-page 
Illustrations. Crown 8vo., 65. 

Campbell-Walker.— The Correct 


F.R.G 


By Major A. Camp 


r. 6 d. 


DEAD SHOT {The): or, Sportsman’s 

Complete Guide. Beinga Treatise on the Use 
of the Gun. with Rudimentary and Finishing 
Lessons on the Art of Shooting Game of all 
kinds. Also Game-driving, Wildfowl and 
geon-shc 


Mar 


nius 


Ellis.— Chess Sparks ; or, Short and 

Bright Games of Chess. Collected and 
Arranged by J. H. Ellis, M.A. 8vo., 4s. 61 1. 
Falkener.— Games, Ancient and 
Oriental , and Flow to Play Them. By 

Photographs, Diagrams, &c. Svo., zts. 


Edition, thoroughly Rev: 


The Pheasant. Natural History by 

the Rev. H. A. Macpherson ; Shooting, 
by A. J. Stuart-Wortley ; Cookery, by 
Alexander Innes Shand. With 10 Illus¬ 
trations and various Diagrams. 

The Hare. By the Hon. Gerald 

Lascelles, &c. [In preparation. 

Wild Fowl. By the Hon. John 
Scott-Montagu,M.P.,&c. [Inpreparation. 
The Red Deer. By Cameron of 
Lochiel, Lord Ebrington, &c. 
_ [In preparation. 

Hawker.— The Diary of Colonel 
Peter Hawker, Author of ‘ Instructions to 
Young Sportsmen.’ 2 vols. 8vo., 32s. 

Lang'.— Angling Sketches. By 


By 




s. 6 d. 


Longman.— Chess Openinc 
Frederick W. Longman. Fcp. Svo., zs. no. 
Maskelyne.— Sharps and Flats : a 

Complete Revelation of the Secrets o! 
Cheating at Games of Chance and Skill. By 
John Nevil Maskelyne, of the Egyptian 
Hall. With 62 Illustrations. Crown Svo., 6s. 

Payne-Gallwey (Sir Ralph, Bart.). 
Letters to Young Shooters (First 

Series). On the Choice and use of a Gun. 
With 41 Illustrations. Crown Svo., js. 6tf. 
Letters to Youjvg S&ooTERs(Second 
Series). On the Production, Preservation, 
and Killing of Game. With Directions 
in Shooting Wood-Pigeons and Breaking- 
- - s ‘ x, ith Portrait and 103 


Illustrati 

Pole (W., F.R.S.). 

The Tiieor i ' of the M 
rime Game of IVhjst. 
The Ei vl utiokof IV h 


s. 6 d. 
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Mental, Moral, and Political Philosophy. 

LOGIC'. RHETORIC. PSYCHOLOGY. ETC. ; 


Abbott .—Tim Elements of Logic. 

By T. K. Abbott, B.D. i2mo., 3s. 
Aristotle. 

The Politics : G. Bekker’s Greek 
Text of Books I., III., IV. (VII.), with an 
English Translation by W. E. Bolland, 
M.A.; and short Introductory Essays 
by A. Lang, M.A. Crown Svo., 7s. 6 d. 
The Politics : Introductory Essays. 
By Andrew Lang (from Boiland and 
Lang’s ‘ Politics ’). Crown Svo , 2s. 6d. 
The Ethics: Greek Text, Illustrated 
with Essay and Notes. By Sir Alexan¬ 
der Grant, Bart. 2 vols. Svo., 32s. 
The Nicomachean Ethics : Newly 
Translated into English. By Robert. 
Williams. Crown Svo., 7s. 6d. 

Ah Introduction to Aristotle's 
Ethics. Books I.-IV. (Book X. c. vi.-ix. 
in an Appendix). With a continuous 
Analysis and Notes. By the Rev. Enw. 
Moore, D.D., Cr. Svo. 10s. 6 d. 

Bacon (Francis). 

Complete Works. Edited by R. L. 

Ellis, James Spedding and D. D. 
Heath. 7 vols. Svo., £3 13s. 6 d. 
Letters and Life, including all his 
occasional Works. Edited by James 
Sfedding. 7 vols. Svo., £4 4s. 

The Essays: with Annotations. By 
Richard Whately, D.D. Svo., ios. 6 A. 
The Essays. Edited, with Notes, 
by F. Store and C. H. Gibson. Crown 

The Essays: with Introduction, 
Notes, and Index. By E. A. Abbott, D.D. 

• 2 Vols. Fcp. Svo., 6s. The Text and Index 

One Volume. Fcp. Svo., 2s. 6 L 

Bain (Alexander, LL.D.). 

Mental Science. Cr. 8vo., 6 s. 6 d. 
Moral Science. Cr. 8vo., 4.'. 6 cl. 

volume , pri'ce 10s. 6 d. 

Senses and the Intellect. 8vo., 

Emotions and the Will. 8vo., 55s. 
Logic, Deductiye and Inductive. 

Part I. 4s. Part II. 6s. 6 d. 

Practical Essays. Cr. Svo., 3s. 
Bray (Charles). 

The Philosoph i - of Necessity : or, 
Law in Mind as in Matter, Cr. Svo,, 5s. 
The Ed uca tion of the Peelings : a. 
Moral System for Schools. Cr. Svo., zs.6rf. 


Bray.— Elements of Morality, on 
Easy Lessons for Home' and School 
Teaching. By Mrs. Charles Bray. 
Crown 8vo’.j is. 6 d. V 

Davidson.— The Logic'of Defini¬ 
tion, Explained and Applied. By William 
L, Davidson, M.A. Crown Svo.,' 6s. ' 

Green (Thomas Hill).'—The.'Works 

of. Edited by R. L. -Nettleskip. 

Vols. I. and II. Philosophical Works. 8vo., 
r6s, each. ; 

Vol. III. Miscellanies. With Index to the ■ 
three Volumes, and Memoir. Svo., 21 s. 
Lectures on the Principle’s of' 
PotlTic.iL Obligation. With Preface 
by Bernard Bosancjuet, 8vo., 5s. , 


Hodgson (Si-iadv/orth H.). - 
Time and Space: A Metaphysical 



Ethical Inquiry. 2 vols. Svo., 24s. 

The Philosophy of Reflection. 

Hume.—T aw Philosophical Works 
of David Humf.: Edited bv T. H. Green 
and T. H. Grose. 4 vols. Svo., 561. Or 
separately. Essays. 2 vols. 28$, .Treatise 
of Human Nature. 2 vols. 2b’s. : 

Justinian.— The Institutes ' of 

Justinian: Latin Text, chiefly that of 
Huschke, with English Introduction, Trans¬ 
lation, Notes, and Summary. By Thomas 
C. Sandars, M.A.' 'Svo., i8». 

Kant (Immanuel). 

Critique of Practical Reason, 
and Other Works on the Theory of 
Ethics.. Translated by T. K. Abbott, 
B.D. With Memoir. Svo., 12s. 6rf.' , 

Fundamental Principles of the 
Metaphysic of Ethics. Translated, by 
T. K. Abbott, I 3 .D. (Extracted -from 
< Kant’s Critique of Practical Reason and 
other Works on the Theory of Ethics.’) 
Crown Svo, 3s. 

Introduction to Logic, 'and his 
Es’Say on the Mistaken SubtilTy of 
the Dour Figures.. Translated by T. 
K. Abbott. Svo., 6s. 

K i 11 i C k.— Handbook to MilPs 
System of Logic. By Rev. A; H. 
Killick, M.A. Crown 8vo., 3s. 6 d. 
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Mental, Moral and Political Philosophy — continued. 


Ladd (George Trumbull). 
Philosophy of Mind : An Essay on 
the Metaphysics of Psychology. 8vo., 165. 

Elements of Physiological Psy¬ 
chology. 8vo., 2IS. 

Outlines of Physiological Psy¬ 
chology. A Text-book of Mental Science 
for Academies and Colleges. 8vo., 12s. 

Psychology , Descriptive and Ex- 

plana TORY ; a Treatise of the Phenomena, 
Laws, and Development of Human Mental 


Primer of Psycholo 
5s. 6 d. 

Lewes.— The History 


Cr. 8vo., 


Philoso¬ 
phy. from Thales to Comte. By George 
Henry Lewes. 2 vols. Svo., 32s. 

Max Muller (F.). 

The Science of Thought. 8 vo., 21s. 
ee Introductory Lectures 


Mill.— An, 


s. 6d. 


Stock.— Deductive Logic. By St. 
George Stock. Fcp. 8vo., 3s. 6 d. 

Sully (James). 

The Human Mind : a Text-book oi 

Psychology. 2 vols. 8vo., 21s. 

Outlines of Psychology. 8vo., gs. 
The Teacher’s Handbook Of Psy- 


5 . 6 d. 


8vo, 


Swinburne.— Picture Logic: an 

:empt to Popularise the Science of 
asoning. By Alfred James Swinburne, 
A. With 23 Woodcuts. Crown Svo., 5 s. 
T h o m s o n.— Outlines of the 
Necessary. Laws of Thought-, a Treatise 
on Pure and Applied Logic. By William 
Thomson, D.D., formerly Lord Archbishop 
of York. Crown Svo., 6s. 


Mill (John Stuart). 

A System of Logic. Cr. 8vo., 3s. 6 d. 
On Liberty. Crown 8vo., is. 4 d. 
On Representative Government. 

Crown Svo., 25. 

Utjlitarianism. 8vo., 2 s. 6d. 
Examination of Sir William 
Hamilton’s Philosophy. Svo., 165. 
Nature, the Utility of Religion, 
and Theism. Three Essays. Svo., 55. 
Mosso.— Fear. By Angelo Mosso. 

Translated from the Italian by E. Lough 
and F. Kiesow. With S Illustrations. Cr. 
Svo., 75. 6 d. 

Romanes.— Mind and Motion and 

Monism. By the late George ]ohn 
Romanes, LL.D., F.R.S. Cr. Svo., 45. 6 d. 


Lessons on Reasoning. Fcp. 8vo., 

15. 6 d. 

Zeller (Dr. Edward, Professor in the. 

University of Berlin). 

The Stoics, Epicureans, and 
Sceptics. Translated by the Rev. 0. j. 
Reichel, M.A. Crown Svo., 155. 
Outlines of the History of 
Greek Philosophy. Translated by 
Sarah F. Alleyne and Evelyn 
Abbott. Crown Svo., 10s. 6 d. 

Plato and the Older Academy. 
Translated by- Sarah F. Alleyne and 
Alfred Goodwin, B.A. Crown Svo- 

SoCRATES AND THE SOCRATIC 
Schools. Translated by the Rev. 0. 
J. Rejchel, M.A. Crown Svo.. 105. oi 


MANUALS OF CATHOLIC PHILOSOPHY. 
of Political Economy. \ Mora r. Pim.osornv U 


First Principles 


Rickaby, S.J. Crowr 


By John 
5 s - 

LARKE, S.J. 
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History and Selene© of Language, &e. 


Davidson.— Leading and Jmport- 
/ i f st, n/i Ho tin explained and Ex- - 
sxrnplxfier!. JIv William L. Davidson, 
M.A. Fcv- Svo., 3 -'- &?. 

I'ar Mr. / n< v tot an ) Languages; 

Bv P. W. Farrar, Djj., 1LK.S. Crown 

Grab a m. — English Synonyms. 

Classified ana Explained; with Practical 
Exercises. Lv (x. F. Graham. Kcp. 8vo., Os. 

Max Muller (??.). 

The Science of Language. —Found- 
ed on Lectures delivered at: the Royal In¬ 
stitution in j86i and 1863, 2 vols. Crown 

Biographies op Words , and the j 

Home op The Aryjs. Crown 8vo., 7s. 6 d. , 


Max Muller il-.i -mnthmeil. 

-Three Lsctvmos on the. '-Science 

OF J.AKC-UAOE,- AND • MS PLaCB -W 

General Education,- delivered al Ox¬ 
ford. 1889, Crown-.8vo.j 3J, -■ 

Roget.— Thee Atm as of Eng usd 

Words- add /'upases. - Classified, and 
Arranged so as to Facilitate the Expression 
of Ideas and assist in Literary Composition. 
By Phi be Mark Rowr, M>-L>.„ F.R.8. 
Recomposed throughout* enlarged and im¬ 
proved, partly from the Author’s Notes, and 
with a full Index, hy the Author’s Son. 
John Lewis Roget, Crown Svo. 3or. fsd. 

Whately. — English SvNONyMs. Bv 
E. Jake Whatley, 5»cp. Kvo., 3 s. 


Political Economy and Economies. 



Barnett.— Practicable Socia lism. 
Essays on Social Reform. By the Rev. S. 
A. and Mrs. Barnett. Crown Svo., 6s. 


Brassey.— Papers and Addresses 
on Work and Wages. By Lord Brasses'. 
Edited by J. Potter, and with Introduction 
/by George Howell, M.P, Crown Svo., 5s. 

Devas. —A Manual of Political 
Economy. By C..S. Devas, M.A Cr. Svo., 
6s. 6if. (Manuals of Catholic Philosophy.) 

Dowell. —A History of Taxation 

and Taxes in England, from the Earliest 
, Times to the Year XS85. By Stephen 
Dowell, (4 vols. Svo.) Vols. I. and II. 
The History of Taxation, 2ir. Vols. HI. 
and IV. The History of Taxes, 21s. 

Handbooks of Economics and 
Political S'cience. Issued under the 
auspices of the London School of 
Economics and Political Science. 

The History of Local Rates in 
England. By Edwin Cannan, M.A. j 
Crown Svo, 25. 6 d. , 

V Other Volumes of this Scries arc in 
preparation. 


Madeod. (Henry Dunning). 
Bimetalism. Svo ., 55 . net .. 

The Elements -of Banking. Cr, 

The Theory and Practice of 
Banking. Vol. I. Svo., 12s. Vol. II. 14s. 
The Theory of Credit.- ' Svo. 
Vol. L, 10s. net. Vol. II., Part I.. I os. net. 
Vol. II., Part II., 10s. 6rf. ' ' 

A Digest of the Lava of Bills 
°“ - ACHMUJt ' °‘B'Ghe press. 

Mill.— Political Economy. ' By 
John Stuart Mill. 

Popular Edition. Crown Svo., 3*. 6d.- 
Lihrary Edition, 2 vols. Svo. ,305. 

Symes.— Political Economy-: a 

Short Text-book of Political Economy. 
With Problems'for Solution, and Hints for 
Supplementary Reading. By Professor 
J. E. Symes, M.A., of University College, 
Nottingham. .Crown Svo., as. 6d. 

Toynbee.— Lectures on the In, 
dustriaL Revolution of the ISth €en- 
tury in-England-. Popular Addresses, 
Notes and other Fragments. By Arnold 
Toynbee. With a Memoir of the Author 
by Benjamin JoiYett, D.D. 8vo., ios, 6 til 

Webb.— The History of Trade 
Unionism. By Sidney and Beatrice 
Webb. With Map and full Bibliography of 
the Subject. 8vo..,i8s..■ ' , 
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Evolution, Anthropology, &e. 


Babington. — Fallacies of Race 
Theories as Applied to National 
Characteristics. Essays by William 
Dalton Babington, M.A. Crown 8vo., 6s. 

Clodd (Edward). 

The Story of Creation: a Plain 

Account of Evolution. With 77 Illustra¬ 
tions. Crown 8vo- 3s. 6<f. 

A Primer of Evolution: being a 
Popular Abridged Edition of ‘ The Story 
of Creation ’. With Illustrations. Fcp. 

Lang.— Custom and Myth : Studies 

of Early Usage and Belief. By Andrew 
Lang. With 15 Illustrations. Crown 8vo., 
y. 6 d. ‘ 


Lubbock.— The Origin of Civilisa¬ 
tion. and the Primitive Condition of Man. 
By Sir J. Lubbock, Bart., M.P. With 5 
Plates and 20 Illustrations in the Text. 
8vo., 18s. 

Romanes (George John, LL.D., 
F.R.S.). 

Darwin, and after Darwin: an 

) Exposition of the Darwinian Theory, and a 
Discussion on Post-Darwinian Questions. 

Portrait of Darwin and 125 Illustrations. 
Crown 8vo., 10s. 6 d. 

Part II. Post-Darwinian Questions: 
Heredity and Utility. With Portrait of 
the Author and 5 Illus. Cr. 8vo„ 105.6 d. 
An Examination of Weismann¬ 
ism. Crown 8vo., 6s. 


Classical Literature, Translations, &e. 


Abbott.— Hellenica. A Collection 

of Essays on Greek Poetry, Philosophy, 
History, and Religion. Edited by Evelyn 
Abbott, M.A., LL.D. 8vo., 16s. 

.iEschylus.— Eumenides of aEschy- 
LUS. With Metrical English Translation. 
By J. F. Davies. 8vo., 7s. 

Aristophanes. — The Acharnians 

of Aristophanes, translated into English 
Verse,. By R. Y. Tyrrell. Crown Svo., is. 

Becker (Professor). 

Gallus : or, Roman Scenes in the 
Time of Augustus. Illustrated. Post 
8vo., 3s. 6 d. 

Charicles : or, Illustrations of the 
Private Life of the Ancient Greeks. 
Illustrated. Post 8vo., 3s. 6 d. 

Cicero.— Cicero's Correspondence. 

By R. Y. Tyrrell. Vols. I., II., III., 8vo., 
each 125. Vol. IV., 15s. 

Farnell.— Greek Lyric Poetry: 

a Complete Collection of the Surviving 
Passages from the Greek Song-Writing. 
Arranged with Prefatory Articled, Intro¬ 
ductory Matter and Commentary. By 
George S. Farnell, M.A. With 5 Plates. 
8vo., 16s. 

Lang.— Homer and the Epic. By 


Mackail.— Select Epigrams prom 
the Greek Anthology. By J. W. Mac- 
kail, Fellow of Balliol College, Oxford. 
Edited with a Revised Text, Introduction, 
Translation, and Notes. 8vo., 16s. 

Rich.— A Dictionary of Roman and 
Greek Antiquities. By A. Rich, B.A. 
With 2000 Woodcuts. Crown 8vo., 7s. 6d. 

Sophocles.—Translated into English 
Verse. By Robert Whitelaw, M.A., 
Assistant Master in Rugby School; late 
Fellow of Trinity College, Cambridge. 
Crown Svo., 8s. 6 d. 

Tyrrell. — Translations into Greek 
and Latin Verse. Edited by R. Y. 

Virgil. 

The aEneid of Virgil. Translated 
into English Verse by John Coninc-ton. 

The Poems of Virgil. Translated 
into English Prose by John Conington. 
Crown Svo., 6s. 

The aEneid of Virgil, freely trans¬ 
lated into English Blank Verse. By 
W. J. Thornhill. Crown Svo., 7 s. 6rf. 

The aEneid of Virgil. Books I. 
to VI. Translated imo English Verse 

Wilkins.— The Growth the 
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Poetry and the 

Murray (Robert F.).—Author of 1 

‘ The Scarlet Gown ’. His Poems, with j 
5r. net. 

Nesbit.— La vs and Legends. By E. 

Nesbit (Mrs. Hubert Bland). First 
Series. Crown 8vo., 3s. 6 d. Second Series. 
With Portrait. Crown 8vo., 5s. 

Peek (Hedley) (Frank Leyton). 
Skeleton Leaves : Poems. With 

a Dedicatory Poem to the late Hon. 
Roden Noel. Fcp. 8vo., 2s. 6 d. net. 1 

The Shadows op the Lake , and 

other Poems. Fcp. 8vo., 2 s .6 d. net. 

Piatt (Sarah). 

An Enchanted Castle, and 
Other Poems: Pictures, Portraits, and 
People in Ireland. Crown 8vo., 35. 6 d. 

Poems: With Portrait of the 


Drama— continued. 

Piatt (John James). 

Idyls and Lyrics Of the Ohio 
Valley. Crown 8vo., 5s. 

Little New World Idyls. Cr. 


Rhoades.— Teresa and other 
Poems. By James Rhoades. Crown 
8vo., 35. 6 d. 

Riley (James Whitcomb). 

Old Fashioned Roses : Poems. 

I2mo., 5s. 

Poems: Here at Home. Fcp. 8vo., 
Shakespeare.— Bo wdler's Family 

Shakespeare. With 36 Woodcuts. 1 vol. 
8vo., 145. Or in 6 vols. Fcp. 8vo., 2 is. 

The Shakespea re Bir thda y Boo k. 
By Mary F. Dunbar. 321110., is. 6 d. 

Sturgis. —A Book of Song. By 

Julian Sturgis. i6mo. 5 r. 


Works of Fiction, Humour, &e. 


Alden.— Among the Freaks. By 
. W. L. Alden. With 35 Illustrations by J. 
F. Sullivan and Florence K. Upton. 
Crown 8vo., 3s. 

Anstey (F., Author of ‘Vice Versa’). 
The Black Poodle, and other 
Stories. Crown Svo., 2s. boards, 2s. 6<?. 


Voces Populi. Reprinted from 
‘ Punch ’. First Series. With 20 Illus¬ 
trations by J. Bernard Partridge. 
Crown 8vo., 3 s. 6 d. 

The Travelling Companions. Re¬ 
printed from ‘ Punch ’. With 25 Illust, 
by J. Bernard Partridge. Post 4to., 5s. 

The Man from Blankley’s : a 

Story in Scenes, and other Sketches. 
With 24 Illustrations by J. Bernard 
Partridge. Fcp. 4 to., 6 s. 

Arnold.— The Story of Ulla, and 
other Tales. By Edwin Lester Arnold. 
Crown 8vo,, 6 s. 


Astor. —A Journey 
Worlds: a Romance o 
John Jacob Astor. Wit 


the Futu 
1 10 Ulus 




Baker.— By the Western Sea. By 

James Baker, Author of‘John Westacott’. 
Crown 8vo., 3s. 6d. 

Beaconsfield (The Earl of). 
Novels and Tales. Cheap Edition. 
Complete in 11 vols. Cr. Svo., is. 6d. each. 
Vivian Grey. 1 Henrietta Temple, 

j The Young Duke, &c. j Venetia. Tancred. 
Alroy, Ixion,.&c. I Coningsb}L Sybil. 
Contarini Fleming,&c. | Lolhair. Endymion. 
Novels and Tales The Hughen- 
den Edition. With 2 Portraits and n 
Vignettes, n vols. Crown Svo., 4 2r. 

Boulton. — Joseph inf: Crewe. By 
Helen M. Boulton. Crown Svo., 6s. 
Carmichael.— Poems. By Jennings 
Carmichael (Mrs. Francis Mullis). 
Crown Svo. 65. net. 

Clegg".— David's Loom: a Story of 

Rochdale life in the early years of the Nine¬ 
teenth Century. By John Trafford 
Clegg. Cr. 8vo., 25. 6<f. 

Deland.— Philip and His Wife. 

By Margaret Delano. Author of ‘John 
Ward’. Crown Svo.. Os. 

Dougall (L.). 

What Necessity Knows. Crown 
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Works of Fiction, Humour. &e.— continued. 


.Doyle (A. Conan). 

Micah Clarke: A Tale of Mon. 
mouth's Rebellion. With to Illustra- 

Tim Captain of nm Polf.star, 
and other Tales. Cr. 8vo., 3s. 0 d. 

The Refugees : A Tale of Two Con¬ 
tinents. With as Ulus. Cr.'Svo., 3$, 6rf. 
The. Stark Munro Letters. Cr. 

.Farrar (F. W., Dean of Canter- 

Darkness and Dawn: or, Scenes 
in the Days of Nero. An Historic Tale. 
Cr. Svo., yr. 6 d. 

Gathering Clouds : a Tale of the 
Days of St. Chrysostom. 2 vols., Svo., 28s. 
Fowler.— The Young Pretenders. 
A Story of Child Life. By Eottb H. 
Fowler. With 12 Illustrations by 
Philip Bijrne-Jones. Crown 8vo., 6s. 

Fronde. — The Two Chiefs of Dun- 

BOY: an Irish Romanceofthe Last Century. 
By James A. Froude. Cr. 8vo., 35. 6 cl. 
Gerard. — An Arranged Marriage. 

By Dorothea Gerard. Crown 8vo., 6s. 
Gilkes.— The Thing That Hath 
Been : or, a Young Man’s Mistakes. By 
A. H. Gilkes, M.A. Crown 8vo., 65. 
Haggard (H. Rider). 

Joan Haste. With 20 Illustrations. 
Crown Svo., 6s. 

The People of the Mist. With 
16 Illustrations. Crown Svo., 6s. 
Montezuma’s Daughter. With 2,4 
Illustrations. Crown Svo., 3s. 6d. 

She, With 32 Illustrations. Crown 
Svo., 3 s. 6 d. 

Allan Quatermain. With 31 
Illustrations. Crown Svo.,'3s. 6 d. 
Maiwa’s Revenge : Crown 8vo., is. 

Colonel Quaritch, V.C. Cr. 8vo. 
3s. 6 d. 

Cleopatra. With 29 Illustrations. 

Crown Svo., 3s. 6 d. 

Beatrice. Cr. 8vo., 3s. 6 d. 
FricBrighteyes. With 51 Illus- 

Nada the Lilt. With 23 Illustra- 

Alean’s Wife. With 34 Illustra¬ 
tions. Crown Svo.. 3s. 6 d. 

Ti-ib Witch’s Head. With 16 

Illustrations. Crown Svo., 3s. 6a. 

Mr. Meeson's Will. With 16 

Illustrations. Crown Svo., 3s. 6 d: 
Dawn. With 16 Illustrations. Cr. 
Svo., 3s. 6 d. 


Haggard and Lang.- - Tn eWorld’-; 
Desire. By- H. RiCer Haggard and 
Andrew Lasso. With 27 'Illustrations. 
Crown Svo.. 35. 6 d. 

Harte.- W the Cakquwrz Woods 
and other stories. By Bret Haste. Cr. 
Svo., 35. 6 d. ■ ' 

Hornung. -- The .(Jnmdden Guest. 

By E. W. H ornung. Crown Svo., 3.!. 6d. 

Jewett. — The Life of Nancy and 

OTHER S, TORIES. By SABAH 0 KSE JEWE-TT. 

Lang. — A Monk of Fife : being 

the Chronicle written by Norman Leslie. 
of Pjtcuiio. concerning Marvellous Deeds 
that befet in the Realm’ of France, *429-31. 
By Andrew Lang. With 13 Illustrations 
by Selwyn Image. Cij Svo., 6s. 

Lemon. — Matthew Forth. By Ida . 

Lemon. Crown Svo,, 6s. 

Lyali (Edna), 

The A utobiograpiiy of a Sla nder. 
Fcp. Svo., rs. sewed. 

Presentation Edition. With 20 Illustra¬ 
tions by Lancelot Speed, Crown- 
Svo.. 2s* bd. net. 

Doreen. The Story of a Singer. 
Crown Svo., 6s. 

Matthews. — His Father’s Son: a 

Hovel of the Hew York Stock Exchange. 
By Brander Matthews. With 13 Illus¬ 
trations. Cr. Svo. 6s. 

Melville (G. j. Whyte).' - Works'-by 

The Gladiators. 1 Holmbv House. 

The Interpreter. | Kate Coventry. 

Good for Nothing, j Digby Grand. 

The Queen's Manes, j General Bounce. 

Crown Svo., is. bd. each, 

Oliphant (Mrs). . 

Old Mr. Tredgold. Cr..8vo.,'6s. 
Madam. Cr. 8vo., is. 6d. 

Pn Trust. Cr. 8y.o;, is. 6d. 

Prince. — The Story of Christine 
Rochefort. By Helen Choate Prince. 
Crown Svo., 6s. ' . 

Payn (James). . 

The Luck of the Darrelvs. . Cr.■ 

Svo., IS. 6d. 

Thicker than’Water. Cr. 8vo., 
is. fid. 

Phillipps-Wolley.—-S aii p : a Legend 
of the Lone Mountain. By C. Phillipps- 
Wolley. With 13 Illustrations.' Crown 
Svo., 3s. bd. ' . • 

Quintana. — The Cid ’ Camfeador : 

an Historical Romance.' By D. Antonio 
be Trueba y la Quintana. Translated 
from ibe Spanish by Henry J, Gill, M.A m 
T.C.D. Crown Svo, 6s. . , 
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Rhoscomyl (Owen), 

The Jewel of Ynys Galon : being 
" u: * u ~'‘ounpri n t e dChapt€-’ TT ' ' 


of the S' 


6s. 


Ba ttlement 

Romance. W 

Caton Woodville. Crown 8vo., 6s. 
Robertson.— Nuggets in the 
Devil's PunchBowl, and other Australian 
Tales. By Andrew Robertson. Cr.8vo., 
3-s. 6 d. 

Sewell (Elizabeth M.). 

A Glimpse of the World. Amy Herbert. 
Laneton Parsonage. Cleve Hall. 

Margaret Percival. Gertrude. 

Katharine Ashton. Home Life. 

The Earl’s Daughter. After Life. 

The Experience of Life. Ursula. Ivors. 
Cr. 8vo., rs. 6 d. each cloth plain, as. 6 d. 
each cloth extra, gilt edges. 

Stevenson (Robert Louis). 
Strange Case of Dr. Jekyll and 
Mr. Hyde. Fcp. 8vo., is. sewed, is. 6 d. 


The Strange Case 
Jernll and Mr. Hyde; 

Fables. Crown 8vo., 6s. net. 

More New Arabian Nights — The 
Dynamiter. Crown 8vo., 3s. 6 d. 

Stevenson and Osbourne.— The 

Wrong Box. By Robert Louis Ste¬ 
venson and Lloyd Osbourne. Cr. 8vo., 
3s. 6 d. 

Suttner.— Lay Down Your Arms 

(Die Waffen Niedcr): The Autobiography 
c n Martha Tilling. By Bertha von 
Suttner. Translated by T. Holmes. 
Cr. Svo., is. 6d. 

Trollope (Anthony). 

The Warden. Cr. 8vo., is. 6 d. 
Barchester Towers. Cr. 8vo., 
is. 6 d. 

True (A) Relation of the Travels 
and Perilous Adventures of Mathew 
Dudgeon, Geetleman : Wherein is truly 
set down the Manner of his Taking, the 
Long Time of his Slavery in Algiers, and 
Means of his Delivery. Written by Hi 


Walford (L. B.). 

Mr. Smith: a Part of his Life. 


The Baby’s Grandmother. Cr. 


Pauline. Crown. 8vo., as. 6 d. 
Dick Netherby. Cr. 8vo., as. 6 d. 
The History of a Week. Cr. 

A Stiff-necked Genera tion. Cr. 
Nan, and other Stories. Cr. 8vo., 

2S. 6 i. 

The Mischief of Monica. Cr. 

8vo., 2S. 6 d. 

The One Good Guest. Cr. 8vo. 


‘ Ploughed and other Stories. 
Crown 8vo„ 6s. 

The Matchmaker. Cr. 8vo., 6s. 
other | West R) _ 

Half-Hours with the Million¬ 
aires : Showing how much harder 1 


iow for the first 


i. Cr. 8vo 


6s. 




Sir Simon Vanderpeti 
Minding his Ancestors. Ci 
A Financial Atonement . 




A Gentleman of France. Cr. 8vo. 

6s. 

The Red Cockade. Cr. 8vo., 6 s. 


imong his fair subjects. By 
jitshaw. [/?? ihc fress. 


Popular Science (Natural History, &e.). 
Butler.— Our Household Insects. , Furneaux (W.), 


An Account of the Insect-Pests found in ! 
Dwelling-Houses. By Edward A. Butler, 1 
B.A., B.Sc. (Lond.). With 1x3 Illustra- ! 
tions. Crown Svo., 3 s. 6 d. ' 







- MJ SM 1. 1 OMiMANS H CO ’S Si \XDARt) AND GENERAL WORKS. ■ 

Popular Science (Natural History, &c.)— continued. 

Graham Phi hi-, wf > Proctor (Richard h^coniinaed. ■ - 

/;, i Pj p A w r v * Oiaham, With ! / J //„ AND (F.nS IN SciKNCI Cr 

■»=:> li!uMrnf.)ons from Drawmtts amis Kvo-.^s. Silver Liorarv Edition,’ Ct^Svcx., 





Petland Revisited, .With 33 

Out of Roods : a Selection of 
Original Articles on Practical Natural 
History. With n Illustrations. Cr. Svo., 
35. 6<i. 

StdajyoeR uEiLnms: a Description 
of the Habitations of Animals,- abridged 
from * Homes without Hands’, . With'60 
Illustrations. Cr. 8vo.. .3s. 6 d. 

Bird Life of the Bible, 32 Illus- 

WonderfulNests. 30 Illustrations. 
Cr. Svo., 3s. 6 d. 

Homes under the Ground. 2S 
Illustrations. Cr. Svo., 3s. 6 d. \ 

Wild Animals of the Bible. - 29 
Illustrations. Cr. Svo,, 3s. 0 d. 

Domestic Animals of the Bible. 

23, Illustrations, Cr. Svo., $s. 6 d. ■ 

The Branch Builders. '28 Ulus- 

l Social I-Iabita tions and Parasitic 
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Gazetteer oe the 
Edited by George G. Chis¬ 
holm, M.A., B.Sc. Imp. 8vo., £2 2s. cloth, 
£2 12s. 6 d. half-morocco. 

Maunder’s (Samuel) Treasuries. 

Biographical Treasury. With 
Supplement brought down to 1889. By 
Rev. James Wood. Fcp. 8vo., 6s. 
Treasury of Natural History: 

or. Popular Dictionary of Zoology. ’With 
900 Woodcuts. Fcp. 8vo., 6s. 
Treasury of Geography, Physical, 
Historical, Descriptive, and Political. 
With 7 Maps and 16 Plates. Fcp. 8vo., 6s. 
The Treasury of Bible Know¬ 
ledge. By the Rev. J. Ayre, M.A. With 
5 Maps, 15 Plates, and 300 Woodcuts. 
Fcp. 8vo., 6s. 

D LlB- 


Referenee. 

Maunder’s (Samuel) Treasuries— 




65. 


The Treasury of Botany. Edited 

by J. Lindley, F.R.S., and T. Moore, 
F.L.S. With 274 Woodcuts and zo Steel 
Plates. 2 vols. Fcp. 8vo., 12s. 

Roget.— Thesaurus of English 
Words and Phrases. Classified and Ar¬ 
ranged so as to Facilitate the Expression of 

By Peter Mark Roget, M.D., F.R.S. 
Crown 8vo., 10s. 6 d. 

"Wihich.--TopuLAR Tables for giving 
information for ascertaining the value of 
Lifehold, Leasehold, and Church Property, 
the Public Funds, &c. By Charles M. 
Willich. Edited by H. Bence Jones. 


Bird (Robert)* 

Joseph, the Dreamer. Crown 


Children’s Books. 

Lang (Andrew).—Edited b 


the Car pen: 






Part II. Jerusalem and the Per.-ea. 
A Child's Religion. Cr. Svo., 25. 

Crake (Rev. A. D.). 

Edify the Fair ; or, The First 

Chrdnicle of iEscendune. Cr. Svo., zs. 6 d. 

Alfgar the Dane ; or, The Second 
Chronicle of Aiscendune. Cr. Svo. 2s. 6 d. 
The Rival Heirs : being the Third 

and Last Chronicle of zEscendune. Cr. 

The House of Walderne. A Tale 

of the Cloister and the Forest in the Days 
of the Barons’ Wars. Crown 8vo., zs. 6 d. 
Brian Fitz- Count. A Story of 
Wallingford Castle and Dorchester 
Abbey. Cr. 8vo., zs. 6rf. 

Lang (Andrew).—Edited by. 

The Blue Fairy Boon. With 13S j 

Illustrations. Crown Svo., 65. ' 

The Red Fairy Book. With 100 i 
Illustrations. Crown Svo., 6s. : 

The Green Fair:-Boon. With 99 ! 


The Be ue Poetry Book. With 100 
Illustrations. Cr. 8vo., 6s. 

The Blue Poetry Book. School 

Edition, without Illustrations. Fcp. Svo., 
zs. 6rf. 

The True Story Book. With 66 
Illustrations. Cr. Svo., 6s. 

The Red True Story Book. With 


Crown 8vo., 3s. 6d. 

Deb and the Duchess. With Illus- 
Tiie Beresford 'Prize. Cr, Svo., 

3s. 6 d. 

House of Surprises. Cr. Svo., 

3s. 6rf. 

Molesworth—: 


Mrs. . 


Stevenson, 

T ru Bv Rt 
Fcp. Svo., 5s. 

Upton. — I he 


1 Ci 


th Ulus' 

G, 
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Longmans’ Series of Books for Girls, 

Price 25. 6<f. each* ; , , • 

or, an Art! Neighbours. . ByMrs.MoLmvoRTH. 


'Atelier (The) Du.Lys: 

Student in the Reign ol Terror. 

Mademoiselle Motif: a [ That Child. 

Tale of Modern Rome. Under a Cloud. 
In the Olden Time ; a j Hester'sVbntvrb 
Tale of the Peasant | The Fiddler of 
War in Germany. i Lugau. 

'The Younger Sister, j A Child of the 
! Revolution. 

Atherstone Priory. By L. -N. 

COMYN. 

The Story of a Spring Morning, 

etc. By Mrs. Molesworth. Illustrated. 
The Palace in the Garden. By- 
Mrs . Molesworth. With >Illustrations. 
Crown 8vo., is. 6rf. 


The Third Mire St. Quentin. By. 

Mrs. Molesworth. . 

Very Youngtand Quite Another 
'Story. Two Stories. By Jean.Ingelow. 
Can this re Love? By Louisa Larr. 
KeithDerauore . By the Author of 

‘ Miss Molly ’. - ‘ ■ , ■. 

Sidney-. By. MargaRet Delamd., ' 
Last Words to Girls on Life at 
School and after School. By Mrs.- -W. 

Stray Thoughts for Girls,’ By 
Lucy- H. M, Soulsby, Head Mistress of 
Oxford High School. i6mo., if. 6 d. net. , 


The Silver Library. 

each Volume 


Arnold's (Sir Edwin) Seas and Lands. With 
7 x Illustrations. 35. 6d. 

Bagehot’s (W.) Biographical Studies. 35. 6 d. 

Bagehot’s fW.) Economic Studies. 35. 6d. 

Bagehot’s (W.) Literary Studies. With Portrait. 

3 vols, 35. 6d. e'ach. 

Baker’s (Sir S. W.) Eight Years in Ceylon. 
With 6 Illustrations. 35, 6d. 

Baker’s (Sir S. W.) Rifle and Hound in Ceylon, 
With 6 Illustrations. 35. 6d. 

Baring-Gould’s (Roy. S.) Curious Myths of the 
Middle Ages. 3.?. 6 d, 

Baring-Gould’s (ReY. S.) Origin and DeYelop- 
meat of Religious Belief. 2 vols. 35. 6d. each. 

Becker’s (Prof.) Gallus: or. Roman Scenes in the 
Time of Augustus. Illustrated. 35. 6 d. 

Becker’s (Prof.) Charicles: or, Illustrations of! 
the Private Life of the Ancient Greeks. ! 
Illustrated. 35. 6d. 

Bent’s (J. T.) The Ruined Cities of Mashona- 
* land. "With 117 Illustrations. 35. 6 d. 

Brassey’s (Lady) A Voyage in the 4 Sunbeam i 
With 66 Illustrations. 35. 6 d. 

Butler’s (Edward A.) Our Household Insects. 
With 7 Plates and ti 3 Illustrations in the 
Text. 3 a. 6d. 

Clodd’s (E.) Story of Creation: a Plain Account 
of Evolution. With 77 Illustrations. 3 s, 6d. 

Conybeave (Rev. 1 ST. J.) and Howson’s (Very 
ReY. J. S.) Life and Epistles of Sri Paul. 

DougaU’s (L.) Beggars All: a Novel. 35. 6d. 

Boyle’s (A. Conan) Micali Clarke. A Tale of 
Monmouth’s Rebellion. 10 Illusts. 3s. 6d. 

Boyle’s (A. Conan) The.Captain of the Polestar, 
and other Tales. 35. 6d. 

Boyle’s (A. Conan) The Refugees: A Tale of 
Two Continents. With25 Illustrations. 3s 6d. 

Fronde’s (J. A.) Short Studies on Great Sub¬ 
jects. 4 vols. 35. 6d> each. 

Fronde’s (J. A.) Thomas Carlyle; a History of 



Fronde’s (J. A.) The Spanish Story of the 
Armada, and other Essavs. 35. 6d ., 

Froude’s (J. A.) The Two Chiefs of Dunboy t ah 
Irish Romance of the Last Century. 3 .a 6 d. 
Froude’s (J. A.) The History of England, from 
the Fall of Wolscy lo the Defeat of the 
Spanish Armada. 12 vols. is. 6d. each. 
Froude’s (3. A.) The English in Ireland., 3'vols. 

Gleig’s (Re*. G. R.) Life of the Bake of 
Wellington. With Portrait, 3 s. 6d. 
Haggard’s (H. R.) She: A History of Adventure. 

32 Illustrations. 3s. 6d. 

Haggard’s (H. R.) Allan Quatarm&fn. With 
20 Illustrations. 3s. 6d. . ' - 

Haggard’s (H. R.) Colonel Quaritch, V.C. : a 
Tale of Country Life, 3 s. 6 d. 

Haggard’s (H. R.) Cleopatra. With 29 Full- 
page Illustrations. 3s..6d. ' * - 

Haggard’s (H, R.) Eric Brighteyes. With 51 
Illustrations. 35.. 6 d. 

Haggard’s (H. 8.) Beatrice. 35. 6 d. 

Haggard’s (K. R.) Allan’s Wife.. With 34 Illus¬ 
trations. 3 s. 6d. 

Haggard’s (H.R.) Montezuma’s Daughter. With 

HagkaY«’s a (H° , R.) The Witch’s Head, With 
16 Illustrations. 35. 6d , 

Haggard’s (H. R.) Mr. Meeson’s Will. With 
16 Illustrations. 35. 6d. 

Haggard’s (H. B.) Rada the Lily. With 23 
Illustrations. 35. 6d. ' ' 

Haggard's(H.R.)Dawn. With 16Illusts. 3 s.6d, 
Haggard’s (H» BO and Lang’s (A.) The World’s 
Desire. With 27 Illustrations. 35. - 6 J. 
Harte’s (Bret) In the Carquinez Woods and 
other Stories. 35. 6d, 

Helmholtz’s (Hermann von). Popular Lectures 
on Scientific Subjects. With 68 Illustrations. 

2 vols. 35. 6 d. each. ' ' 

Hornung’s (£. WO The Unbidden Guest. 35, 6 d. 
Howitt’s (WO YisitB to Remarkable Places . 

80 Illustrations. 35. 6d. 

Jefferies’ (RO The Story of My Heart; My 
Autobiography. With Portrait. 3s. 6d., 
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The Silver Library — continued. 


. . _ With 

Portrait. y. 6 d. 

Jefferies’(R.) Red Deer. 17 Illustrations. 35. 6d. 
Jefferies’ (B.) Wood Magic: a Fable. With 
Frontispiece and Vignette by E. V. B. y. 6 d. 
Jefferies (R.) The Toilers of the Field. With 
Portrait from the Bust in Salisbury Cathedral. 


st Crossing of Greenland. 


Proctor’s (R. A.) The Expanse of Heave] 


Knight’s <E. F.) The Cruise of the ‘Alerte’: 

the Narrative of a Search for Treasure on 
the Desert Island of Trinidad. With 2 
Maps and 23 Illustrations. 35. 6d. 

Knight's (£. F.) Where Three Empires Meet: a 
Narrative of Recent Travel in Kashmir, 
Western Tibet, Baltistan, Gilgit. With a Map 
and «;4 Illustrations, y. 6d. 

Lang’s (A.) Angling Sketches. 20 Illustrations. 
y. 6d. 

Lang’s (A.) Custom and Myth: Studies of Early 
Usage and Belief. 3 s. 6 d. 

Lang’s (Andrew) Cock Lane and Common-Sense. 

With a New Preface. 3 *. 6d. 

Lees (J. A.) and Clutterbuck’s (W. J.) B. C. 
1887, A Ramble in British Columbia. With 
Maps and 75 Illustrations, y. 6d. 
Macaulay’s (Lord) Essays and Lays of Ancient 
Rome. With Portrait and Illustration, v. 6d. 


Proctor’s (R. A.) Other Worlds than Ours. y.6d. 
Proctor’s (R, A.) Rough Ways made Smooth. 

Proctor^ (R. A.) Pleasant Ways in Science. 
Proctor’s (R. A.) Myths and Marvels of As- 

Proctor’s (R. A.) Nature Studies. 35. 6d. 
Proctor’s (R. A.) Leisure Readings. By R. A.. 
Proctor, Edward Clodd, Andrew 
Wilson, Thomas Foster, and A. C. 
Ranyard. With Illustrations, y. 6 d. 
Rossetti’s (Maria F.) A Shadow of Dan te. *s. 6d. 
Smith’s (R. Bosworth) Carthage and the Cartha¬ 
ginians. With Maps, Plans, &c. y. 6d. 
Stanley’s (Bishop) Familiar History of Birds. 

160 Illustrations. 3s. 6d. 

Stevenson (R. L.) and Osbourne’s (LI.) The 



Cookery, Domestic Management, Gardening, etc. 


De Salis (Mrs.).—Works 
Floral Decor at 




Bull (Thomas, M.D.). 

Hints to Mothers on the Man¬ 
agement OR THEIR BEALTH DURING THE 
Period of Pregnancy. Fcp. 8 vo., 15. 6 d. j 
The Maternal Management of 
Children in Health and Disease. 
Fcp. Svo., is. 6 d. 

De Salis (Mrs.). 

Cakes and Connections a la 
Mode. Fcp. 8vo., is. 6 d. 

Dogs : A Manual for Amateurs. 
Fcp. Svo., is. 6 d. , 

Dressed Game and Poultry a la 
Mode. Fcp. 8vo., is. 6 d. 

Dressed Vegetables a la Mode. 

Fcp. 8vo., is. 6 d. 

Drinks J! la Mode. Fcp. Svo., is.6rf. 
Entries a la Mode. Fcp. 8vo., 


a Mode. Fcp. Svo. 


New-laid Eggs. Fcp. Svo., i< 
Oysters a la Mode. Fcp. 
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Cookery, Domestie Management, &o.— -continued. 


Lear.— ALa/cre Cookery. By H. L. 

SlLNEY LliAR, iOniO., 2 $. 

Poole. —CnoA'XKVl'WJ? THE DlABiCnC, 
By W. H, and Mrs- Poole, With Preface 
h)' Dr. Paw, Pep. Wo., zs. fk/. 

Walker. —A Book for Every Wo- 

-illy. Part L, The Management of Children 
In Health and out of Health. By Jane 
H. Walker, L.R.C.P.I., L.ILC.S., M.D. 
(Brux). Crown 8vq., 2 j, bd. 


i Walker .-—A Handbook • for. Mo-. 

\ thmrs: being Simple Hints lb Women oh 
the Management of . their Health during 
- Pregnancy and Confinemetifc'Tigether with 
Plain Directions as to the C me of Infants. 
By. Jane H. Walker, L.R-C.P.L, L.R.C.S.. 


Miscellaneous and Critical Works. 


Gould 


35. 6 d. 


Our Homely Comedy : and Tra- 

GEDY. Crown 8vo,, 35 . 6a. , , 

RECREA 7 IONS OF A COUNTS’ Y PARSON- 
; Three Series. Crown Svo. f 3J. bd. each. 
l£>Qi,g ) Ph.Qt.'~~L iterary STUDIES. By j Also First Senes. Popular Edition. 8vo. ? 
Walter Bagehot, With Portrait. 3 vols, j 6 it 

Butler (Samuel). 

■ Erewhon. Crown' Svo., 55. 

The Fair Haven. A 'Work in De¬ 
fence of the Miraculous Element in oar 
Lord’s Ministry. Cr. Svo., 7s. 6 cU 

Life and Habit. An Essay after a 
Completer View of Evolution. Cr. 8vo., 

Evolution , Old and New. « Cr. 
Svo., 105. 6 d. 

Alps and Sanctuaries oP Fied- 
"icixo. Illustrated.' 


Battye. — Pictures in Prose of 
Nature , Wild Sport, and Humble Life. 
By Aubyn Trevor Battye, F.L.S., F.Z.S. 
Crown Svo.. 6s. 

Baynes. — Shakespeare Studies, 
and other Essays. By the late Thomas 
Spences Baynes, LL.B., LL.D. With a 
Biographical Preface by Professor Lewis 
Campbell. Crown 8vo., js. 6 d. 

Boyd (A. K. H.) (‘ A.K.H.B.’). 

And see Miscellaneous Theological H'opfts, p. zs. 

Autumn Holidays of a Country 
Parson. Crown 8vo., 35. fid. 
Commonplace Philosopher. Cr. 

Critical Essays of a Country 
Parson. Crown 8vo., 3s. Id. 

East Coast Pays and Memories. 
Crown Svo., 3 s. 6 d. 

Landscapes, Churches, and Mora¬ 
lities. Crown Svo., 35. 6 d. 

Leisure Hours in Town. Crown 






Main 


Gwilt.— An Encyclopnebia ok Ar¬ 
chitecture. By Joseph Gwilt, F.S.A. 

■ cmWood. ^Revised (188S), with Alterations 
and Considerable Additions by Wyatt 
Papwdrth.. Svo., £2 12s. 6rf> . 

■Zzssons OF Middle Age. . Crown | j ames ._^ AV /,vrf Eoyalties : , their 
bvo., 3 s.bct. 'Practical Operation 1 and Effect. Bv 

Our Little Life. Two Series. Charles Ashworth James, of Lincoln’s 
Crown 8vo., 3s. 6rf.-each, j Inn, Barrister-at-Law. Fcp. 410., 55. 
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Miscellaneous and Critical Works — continued. 


J efferies.— (Richard). 

Field and Hedgerow : last Essays. 

With 1 trait. Crown 8vo., 35. 6d. 
The Sicry of My Heart: my 
Autobiography. With Portrait and New 
Preface by C. J. Longman. Crown 8vo., 
3s. 6rf. 

Red Deer. With 17 Illustrations 
by J. Charlton and H. Tunaly. Crown 
8vo., 31. 6 d. 

The Toilers of the Field. With 

Portrait from the Bust in Salisbury 
Cathedral. Crown 8vo., 3 s. 6d. 

Wood Magic : a Fable. With Fron¬ 
tispiece and Vignette by E. V. B. Crown 
Svo., 35.6 d. 

Thoughts from the Writings of 
Richard Jefferies. Selected by H. S. 


Johnson.— The 

UAL: a Treatise o 
of Letters Patent. 
Patent Agents, &c. 


Patentee s Man- 

n the Law and Practice 
ByJ., & J. H. Johnson, 
8vt>., 10s. 6d. 


Lang (Andrew). 

Letters to Dead Authors. Fcp. 

Svo., 25. 6 d. net. 

Rooks and Bookmen. With 2 
Coloured Plates and 17 Illustrations. ! 
Fcp. Svo., as. 6 d. net. 

Old Friends. Fcp. 8vo., 25. 6 d. net. 
Letters on Literature. Fcp. 

> Svo., 25. 6 d. net. 

Cock Lane and Common Sense. 
Ftp. 8vo., 35. 6 d. 

Laurie.— Historical Survey of 
' Pre-Christian Education. By S. S. 
Laurie, A.M., LL.D. Crown Svo., 12s. 

Leonard.— The Camel-: Its Uses 

and Management. By Major Arthur Glyn 


Max Miiller (F). 

India: What can it Teach Us? 
Crown 8vo., 3s. 6if. 

Chips from a German Workshop. 

Vol. I. Recent Essays and Addresses. 
Crown Svo., 6s. 6d. net. 

, Vo!. II. Biographical Essays. Crown 
8vo., 6s. 6 d. net. 

Vol. III. Essays on Language and Litera¬ 
ture. Crown 8vo., 65. 6 d. net. 

Vol. IV. Essays on Mythology and Folk ] 
Lore. Crown 8vo, 8s. 6 d. net. I 


Macfarren. — Lectures on Har¬ 
mony. By Sir George A. Macfarren. 


Milner (George). 

Country Pleasures : the Chronicle 

of a Year chiefly in a Garden. Cr. 8vo., 
35. 6 d. 

Studies of Nature on the Coast 
of Arran. With 10 Full-page Copper¬ 
plates and 12 Illustrations in the Text by 
W. Noel Johnson. Cr. 8vo., 65. 6 d. net. 


Poore.— Essays on Rural Hygiene. 

By George Vivian Poore, M.D., F.R.C.P. 
With 13 Illustrations. Crown 8vo., 6s. 6if. 


Proctor (Richard A.). 

Strength and Happiness. With o 

Illustrations. Crown 8vo., 55. 
Strength : How to get Strong and 
keep Strong, with Chapters on Rowing 
and Swimming, Fat, Age, and the Waist. 
With 9 Illustrations. Crown 8vo., 25. 

Richardson.— Na tional Heal th. 

A Review of the Works of Sir Edwin Chad¬ 
wick, K.C.B. By Sir B. W. Richardson, 
M.D. Crown 8vo., 4s. 6 d. 

Rossetti.— A Shadow of Dante : 

being an Essay towards s to eying Himself, 
his World and his Pilgrimage. By Maria 
Francesca Rossetti. With Frontispiece 
by Dante Gabriel Rossetti. Cr. Svo., 
105. 6 d. Cheap Edition, 35. 6 d. 

Solovyoff.— A Modern Priestess 
of Isis (Madame Bla va tsry) . Abridged 
and Translated on Behalf of the Society for 
Psychical Research from the Russian of 
Vsevolod Sergyeevich Solovyoff. By 
Walter Leaf, Litt.D. With Appendices. 


Stevens.— On the Stoii: ice of Ships 
axd their Cargoes. With Information re¬ 
garding Freights, Charter-Parties. &c. 
Robert White Stevens, Associate-Mern- 
ber of the Institute of Naval Architects. 


Van Dyke.— A Tent-Book of the 
History of Painting. By John C. Van 
Dyke, of Rutgers College, U.S. Wit 
Frontispiece and tog Illustrations in the 
Text. Crown Svo., 6s. 

West .— Wills, and How Not to 

Make them. With a Selection of Leading 
Cases. Bv B. B. Wr.si, Author of “ Half. 
Hours with the Millionaires”. Fcp. Svo., 

25. 6 d. 
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Miscellaneous Theological Works, 

*,* For Church of England and Roman Catholic Works son Mr.tism, Lo>to>!A«s & U 
S/teeial Catalogues. ■ 

Balfour. Tu, Du ./.,'//< \ - Martineau .'Jam, s, 1) 1). I.L.D , 

■ Bir.upjf, bcintf Molts Introductory to the I J/orpS OF 1 TlIMIGHT MY SACS 
Study of Theology. By the Bight Bon. i 7 vims: Sermons, it vela. Crown H\ 

Arthur J. Baefour, M.P. bvo,, " ' 


J ■ 


Use. 


11/ on a ,hi Cif Sis l 

discourses. Crown fcvo., 7s. 

7 SI 41 iii iv//f r 1 


known 8vo., ' 


Boyd ' K. II . 

Occasional andLmmf.moRl 
Discourses.. Crown 8vo. ? ys. c. 

Co (JNSEL A NO Com w r t 
■ Cory Puu-'iT. Crown 8vo,, 

SUNPA V Ad TERNOONS INTNKPAR 10ft \ - 

Church of a Scottish University j „ witV . r . ,, 

Crrr. Crown 8vo„ 3-R 6 d. PK 4 M*,\<,lth T.VOS, 

„ . rr ' *or Public Worship. Crown Svc 

Changed Aspects op Unchanged j Max MUiler f p. } , 

Truths. Crown 8vo„ 3 s. tl j , ., r j ECTUKEK otr TNR 

Graved Thoughts of a Country | iVr , 

Parson. Three Series. Crown &vo., • by \) 

31. 6 d. each. , ! J ktr 

Present Day Thoughts. Crown 


Okh 


Seaside Musings. Cr. 8vo., 35. 6 d. 1 
‘ To Meet the Day' through the | 
Christian Year : being a Text of Scripture, | 
with an Original Meditation and a Snort | 
Selection in Verse for Every Day. Crown j 


,v 




a. 6 (1. 


De la Saussaye. — A Manual oe\ 

Chantepie de la Saussaye. Translated | 
by Mrs. Coeyeb Fergusson {nee M \» 1 
Muuler). Crown Svo., tax. fid. I 

Kalisch(M. M., Ph.D.). ; 

Bible Studies. Part I. Pro- i 
phecies of Balaam, 8vo., 105. 6 d. Part 
II. The Book of Jonah. Svo,. 105. 6rf. 

Commentary on the Old Ti*> 4- 

with a New Translation. Vol. J. 


CrowUT of Kzls* o ' T as iHir'r 1 | 

by the Religions of India. Cr. fevo.,Ti‘. <>* ’ 

V /ROj/i t i A ft* r* £ ScJpid / I 

Nftjgjon: hour Lectures delivered at 1 r ! j 
Rovai InFurulTon. Crown Svo.. 6 a, j 

r Fi/DrH^T The G l T ' 

j-octums, delivered before the Urhversr>? 
of Glasgow m ibbh. Crown Svo., 102. tv 1 

V 1 tv t AD «'i)i Tht G tie 
Lectures, delivered before the Cnxvermi 
of Glasgow in l&go. Crown Svo., ror, oy 

C.Kord J rtiJU'. dcM ered Leforetl e i j 


The 


l I in u 1 c 


delivered 


1 Ji 


March, iSqy. bvo., 3s. 

Phillips. — 27 Tl ichisg or 

Vedas. What Light does it Throw on i 
Orimn and Development of Religion I 
Maurice Phillips, London Mtssu 


Genesis. 8vo., 18s. Or adapted for the ! Madras. Crown 
General Reader, ias. Vol. TI. Eiodus Romanes. -T nice i iiT/fy i 
15D Or adapted for the General Reader, j By Geoeck J- RiwaxhH, LL.D.. E.R.d 

12s, Vol, III. ■ Leviticus, Part 1. 15s. ! Crown Svo r firf 

Or f adaptedyorJ.he GcnCTalrReader & j S [’j'£R YA2 UK 1 7 KELIGW 1 
an Inquiry into the Reality of Divide Revexa 


Vol. IV- Leviticus, Part 
adapted for the General Reader. 

Macdonald (George, LL.D.). j Rep, 

Unspoken Sermons. Three Series. 

Crown Svo., 3s. firf. each. 

The Miracles op our Lord. 

Crown 8vo., 31. 6 d. 

A Book of Strife, in the Form j Thom.— A - Spiritu 
of THE Diary op an Old Soul: Poems. 1 mons. By John Hamu.to* Tm>«. V 
i8mo., 6s. • | a Memorial Preface by James Martmue 

10,000/3/96. | D-D. With Portrait., Crown 8vo,‘5s, 


(4) r, 1U. I ( PTFCfOT’. 
ESSAYS. Bv the Author of ‘ Supernanuw 
Reliaaon •, 8vo„ 6s. ■ 

'hi Go\rr ICCORDUC TO S 
Pktkr'. a Study, by the Author 0 
Supernatural Religion ’. Svo,, 6s* , ; 






